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THE STEAMSHIP ‘‘CEDRIC,” of the White Star Line, was reached the coupling between the two engines gave 
now on her way across the Atlantic to New York, is the trouble by pulling out several times. This repeated itself 


argest vessel afloat. The ‘‘Cedric’’ has a gross tonnage 


of 21,000 tons, and a displacement of 38,000 tons. She is 
700 ft. long, 75 ft. wide and 49 ft. 4 ins. deep, and is 
driven by twin screws. Her designed speed is 17 knots. 


A BRIDGE CROSSING LONG ISLAND SOUND between 
Port Morris, N. Y., and Astoria, Long Island, is planned 
by the Pennsylvania R. R. to give connection between its 
Long Island system and the railway lines reaching the 
New England states. According to the published state- 
ments the bridge will start at Port Morris and cross 
Randall’s Island and Ward’s Island and the Hell Gate 
Channel to Astoria. The span across Hell Gate will 
be 840 ft., and the total length of the bridge will be about 
two miles. The bridge will, it is stated, cost about 
$10,000,000, and it is further stated that the contract for 
the steel has been awarded. 


THE HIGH-SPEED STEAM RAILWAY COMPETITION 
of the German Society of Mechanical Engineers, announced 
about a year ago and closed on Jan. 1, 1908, resulted in no 
prizes being awarded. Instead, five of the plans sub- 
mitted were given bonorable mention and were aw arded a 
bonus of 1,000 marks each. The authors of these five 
plans were: Mr. R. Avenmarg, of Munich; Mr. M. Kuhn, 
of Kassel; Prof, von Borries, of Berlin; Mr. H. Mehlis, of 
Berlin, and Mr. Peglow, of Berlin. Thirteen plans in all 
were submitted, of which only four covered both locomo- 
tives and cars. It is now proposed to institute a closed 
competition, between the five above-mentioned engineers, 
on the basis of new specifications. The competition just 
ended called for steam locomotives suited to haul passen- 
ger trains at a speed of 90 miles per hour, and for pas- 
senger cars and eguipment suited for operation at this 
speed. The purpose of the competition is not quite clear, 
inasmuch as it has been long demonstrated, particularly 
by American practice, that the obstacle in the way of high 
speed operation was the track, and not the motive power; 
the same thing was also shown by the electric high-speed 
trials on the Berlin-Zossen line. It seems likely that 
the competition was intended as a sort of counterbalance 
to these trials in their effect upon engineering opinion. 


> 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred on the Southern Ry., near Alexandria, Va., 
on Feb. 15, shortly after midnight. A fast through pas- 
senger train was derailed by an open switch, and the en- 
gineer and the fireman were killed in the wreck. It is 
believed that the switch had been maliciously opened, 
the lock and the signal lamp being removed.——A landslide 
wrecked a train on the Baltimore & Ohio R. R. near West 
Newton, Pa., on Feb. 10. The bank of a deep cut slid 
down upon a freight train and caused the death of the 
fireman. 


A TRAIN STALLED IN A TUNNEL nearly caused the 
death of everyone on board a week ago. The Cascade tun- 
nel on the Great Northern Ry., near Wellington, Wash., is 
13,283 ft. long ,and rises eastward on a 1.7% grade; help- 
ing engines are required to draw eastbound trains up the 
grade of the tunnel and of its approaches. An eastbound 
passenger train nearing this tunnel took on, in place of 
the regular helper, a large freight engine, which was 
coupled on at the head of the train. Before the tunnel 


in the tunnel, and each time the train 
the coupling was being repaired. Three such stops in the 
tunnel filled the latter with the smoke and gases from the 
two engines to such an extent that it was not considered 
safe to go ahead and risk being stalled again. The train 
crew, after a consultation, decided to send the helper on 
ahead to Cascade Tunnel Station, so that another 
could be sent to help the train through. Shortly 
helper had left, however, the conductor realized that the 
condition of the air in the tunnel made it imperative to 
get the train out of the tunnel at once, and the only thing 
possible was to back out down grade. Going forward he 
found the engine crew already unconscious, and was him- 
self overcome almost immediately. The same thing befell 
the head brakeman. It happened that a fireman of the 
road, one Abbott, was on the train, and he now took it 
upon himself to get the train out. He got to the engine, 
released the air brakes, and started the train back down 
grade without being overcome. At Wellington station 
another engine was secured and the tunnel was passed 
without further accident. Most of the passengers on the 
train had become seriously affected by the gases when 
Abbott backed the train out, and several of them were 
unconscious. Three of the trainmen were sent to the 
hospital when Wellington was reached. 


had to stop while 
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DAMAGES FOR INJURIES BY A THIRD RAIL to the 
amount of $12,000 were awarded at Springfield, Mass., 
on Feb. 16, in a suit brought by four residents of New 
Britain, Conn., against the New York, New Haven & 
Hartford R. R. Co. The plaintiffs were injured at a cross- 
ing in Forestville, Conn. 


> 


THE STORAGE BATTERY STREET CARS operated on 
the 34th St. crosstown line in New York city have given 
rise to renewed complaints. Nearly a year ago there was 
serious complaint on the part of the public against the 
acid fumes noticeable in these cars, and the Department 
of Health finally compelled the company to install ven- 
tilating devices which would ensure that the air in the 
cars would be kept free from the fumes. It now seems 
that these devices are practically inoperative, and the 
matter is again before the Department of Health. It is 
probable that the line will be ultimately converted into 
a conduit line like the other electric street railway lines 
in Manhattan borough of the city of New York. 


POLLUTED WATER at Noblesville and at Michigan 
City, Ind., it is supposed, has been the cause of much 
sickness at those places this winter. At our request the 
following statement has been sent to this journal by Dr. 
J. N. Hurty, Secretary of the Indiana Board of Health: 


About Jan. 30. 1903, a peculiar taste was noted in the 
water supply of Noblesville. The water supply comes 
from wells which are on the bank of the river. They, of 
course, receive considerable filtered river water. In a few 
days cases of diarrhea commenced to appear. In all there 
have been about 800 cases. Some of the doctors called 
the disease ‘‘winter cholera.”’ 

Pretty nearly the same experience has occurred in the 
last week at Michigan City. One year ago this winter 
they had an awful time at the last-named place. hey 
have there two intakes, one opening into the lake and the 
other into the harbor. The harbor receives the sewage of 
the city. The object of the two intakes is because if 
‘*‘needle-ice’’ forms it will stop the pipe from the lake, and 
that would leave the town without water. A year ago the 


pumps commenced to labor and the engineer immediately 


a slow process, 


it is reported that a break in the water main allowed the 
river water to m 


ix with the supply. 
AN EPIDEMIC OF TYPHOID FEVER at Ithaca, N. 
Y., is attributed to the water drawn from Buttermilk 
Creek, one of the two sources of supply of the Ithaca 


Water-Works Co. Several hundred cases of sickness had 
been reported up to Feb. 14, of which it appears that 
200 were typhoid The independent supply 
buildings on the e¢ ampus of Cornell 
to have been unaffected, particularly 
there 
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CIVIL SERVICE EXAMINATIONS beginning April 21, 
and lasting two days, will be held in all the 
in the United States, to fill the positions of assistant to- 
pographer and topographic aid in the United States Geo- 
logical Survey, and positions in other bureaus of the gov- 
ernment doing kindred work. The subjects of the exam- 
inations with their weights will be as follows: 


larger cities 


Mathematics; including algebra, geometry, trigonom- 
etry, logarithms, mensuration and projections.... .20 
Surveying; use of instruments and elements of as- 
tronomy as applied to surveying, these questions 
being arranged to show practical methods of field 
work and not theoretical or mathematical knowl- 
Contour construction, topographic drawir and let- 
tering; the latter to be executed sahonenes nt to the 
examination and mailed to the Commission. BO 
Educational training and experience; to show « que wif 
cations as surveyor or engineer. ................ BO 
The minimum age limit for applicants is 20 years. The 


eligibles resulting from the examination may receive ap- 
pointments in the United States Geological Survey at sal- 
aries ranging from $720 to $1,200 per annum, with ex- 
penses paid in the field. The examination is open to all 
citizens of the United States. and competitors are rated 
without knowledge of their names by the numbers shown 
on their examination papers, and are certified strictly in 
accordance with civil service laws and rules. Those who 
pass these examinations are in immediate line of promo- 
tion to the full grade of topographer and ultimately to that 
of geographer and administrative chief, with salaries rang- 
ing from $1,200 to $3,500 The demand for assistant 
topographers is so great that all on the eligible lists for 
the past few years have been immediately offered employ- 
ment, and promotions have been comparatively rapid, pro- 
gressing at the rate of $100 to $200 per annum. Persons 
who desire to compete should at once apply to the United 
States Civil Service Commission, Washington D. C., in 
order that they may have a month in which to file their 
formal applications. In addition to the above permanent 
positions in the topographic branch of the United States 
Geological Survey, there is offered temporary employment 
in the early spring to such persons as have had experience 
in fleld surveying, especially in the use of level, transit, 
etc., or who have attended a course in engineering col- 
leges. This temporary employment will last until Ihte In 
the fall and may lead to permanent employment through a 
eivil service examination. Pay for this work ranges 
from $50 to $75 per month, with field expenses added. Ap- 
plicants for such places should communicate at once with 
the Director of the United States Geological Survey, 
Washington, D. C. 
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METHODS OF WORK ADOPTED IN CONSTRUCTING THE 
CHICAGO TELEPHONE TUNNELS. 


A network of tunnels aggregating 60 miles in 
length is now being constructed under the streets 


of “down-town" Chicago. These tunnels are of 
horse-shoe section, with concrete lining and in- 
terior dimensions, of 12% 14 ft. for trunk tun- 
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Fig. 1. Map of Down-Town District of Chicago, 
Showing Routes of Telephone Tunnels of Illinois 
Telephone & Telegraph Co. 

George W. Jackson, Manager and Engineer. 


for lateral tunnels. The 
is designed to provide underground con- 
duits for the telephone wires of the Illinois Tele- 
phone & Telegraph Co., and about 15 miles of its 
total length have been completed. Some of the 
general details of this important undertaking 
have been described in Engineering News of May 
2, 1901, and July 17 and Sept. 25, 1902. More re- 
cently a full description of the work has ap- 
peared in a paper read before the Western So- 
ciety of Engineers by Mr. George W. Jackson, 
the engineer of the Illinois Telephone & Tele- 
graph Co. This paper devotes particular atten- 
tion to the plant used and methods of work adopt- 
ed in constructing the tunnels, and from it and 
from information furnished us directly by Mr. 
Jackson we have prepared the following de- 
scription of these special features. 

GENERAL DESCRIPTION OF THE WORK. 

The work undertaken by the Illinois Telephone 
& Telegraph Co. was to build a telephone system 
capable of accommodating 100,000 subscribers and 


nels and of 6% x 7 ft. 
system 


having all its cables in underground conduits. 
+ L 
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Briefly described, a network of conduit tunnels 
was first to be built under the streets of the down- 
town or business section of the city. This con- 
duit system was then to be extended north, west 


and south to the outlying districts, building tun- 
nel so ‘far as it was economical and laying tile 
conduit elsewhere. The downtown portion of the 
conduit system was to be built first and the north, 
south and west side systems afterwards. 


PRELIMINARY STUDIES.—The general plan 
of the conduit system having been decided upon, 
the first task was to develop plans and methods 
for carrying out the first portion of the work in 
the downtown streets. After thoroughly can- 
vassing the requirements of an exchange for 
100,000 telephones and figuring on the space re- 
quired, it was found that the space was not to be 
obtained immediately below the street surface 
owing to the great number of pipes and conduits 
already existing. The only resort was to build 
deep conduits below any of the existing struc- 
tures, and after sufficient investigation had been 
made to assure the company that such a deep 
conduit system was feasible to construct, general 
plans were prepared and a permit to begin work 
was asked and secured from the city authorities. 
Work was at once begun under this permit, but 
before it had proceeded far it was found neces- 
sary to halt until an accurate map of the city 
streets could be prepared, since none existed. The 
surveys for this map were undertaken by the 
telephone company’s engineers under the direc- 
tion of Mr. Alfred Slade, and after completion 
were checked and approved by the Department 
of Public Works. The work of construction was 
now ready to proceed. The city authorities, upon 
being notified of this fact, however, informed the 
company that work would not be allowed to pro- 
ceed under the terms of the original permit. 

The reasons for this decision were that the orig- 
inal plan called for a series of manholes connect- 
ing the tunnels at intervals with the street sur- 
face, and that the minimum depth of 22 ft. 6 ins. 
below the street surface was too little. Both the 
manholes and the shallow depth of the work, it 
was considered, would be obstructions to an un- 
derground railway, which it was thought the city 
would some day be certain to build. As the re- 
sult the company was compelled to modify its 
original plans, and after much study it was con- 
cluded that the manhole construction could be 
done away with by building large trunk conduits 
into which, by means of a special shaft, reels of 
cable could be lowered and transported on cars 
around to the different lateral conduits. This 
conclusion being arrived at, revised plans were 
submitted to and approved by the city authori- 
ties. 

FINAL PLANS.—The final plans for the down- 
town district called for a system of trunk and 
lateral conduits arranged as shown by the map, 
Fig. 1. In cross-section the trunk conduits were 
12 ft. 9 ins. wide and 14 ft. high, and the lateral 
conduits were 614 ft. wide and 7 ft. high. The 
minimum depth between the street surface and 
the topmost part of any of the conduit structure 
was set at 24 ft. 6 ins. Fig. 2 is a cross-section 
of one of the lateral conduits, showing the racks 
for the cables in place. The trunk conduits were 
of the same general cross-section, and had 21-in. 
bottoms and 18-in. sidewalls. 


METHOD OF CONSTRUCTION. 

The construction work to be done in building 
the conduits consisted of the excavation of the 
tunnels and the lining of this excavation with 
concrete. 

MATERIALS PENETRATED.—The subsoil un- 
derlying the downtown streets of Chicago con- 


FIG. 3. GENERAL PLAN OF PLANT AT SHAFT NO. 


sists of about 10% ft. of filling, then of 18 ins. 
of yellow loam carrying considerable water, then 
of about 5 ft. of soft clay, and then of hard clay, 
increasing in firmness with the depth. The con- 
duit tunnels were entirely in the hard clay, which 
stood up well under excavation. 

SHAFTS.—The work of construction was car- 
ried on from eight shafts located as shown by Fig. 
1. All of these shafts were located in basements 


rented for the purpose. Fig. 3 shows + 
rangement of the head plant in the bas; mer 
cupied by shaft No.1. The arrangemen: . 
shafts, of course, differed in detail. 
EXCAVATION.—The pneumatic Systen 
adopted for carrying out the work. Wh) 
not altogether necessary to use this sy: 
cause of the nature of the soil penctrat, 
was deemed advisable to take the preca { 
do so principally as a safeguard in 
labor strike, which would leave the work 
pleted. In installing the pneumatie sys: 
locks were placed at the bottom of eaci 


TE 


Fig. 2. Cross-Section of Lateral Conduit, Showing 
Racks for Cables. 


These locks consisted of a chamber formed by 
closing off a section of tunnel by air-tight iron 
doors set in concrete at each end. Some of these 
chambers were capable of holding ten cars. The 
method of locking in and out was the simple 
operation familiar to all engineers. 

The tunnel was constructed by three shifts of 
workmen, working 8 hrs. each. From 4 p. m. to 
S a. m., two shifts were engaged in excavation, 
and from 8 a. m. until such time as their work 
was finished one shift was engaged in construct- 
ing the lining. The distance excavated by the 
two shifts of miners averaged about 21 ft. in each 
heading of lateral tunnel. About 20 men were 
required to operate each heading. 

DISPOSITION OF SPOIL.—In conducting the 
excavation, in order to have everything run 
smoothly, considerable care had to be exercised 
to see that the excavated material was promptly 
disposed of. The spoil was either dumped along 
the lake front where the new Lake Front Park 
is being built or was taken to the river bank and 
dumped into scows. Briefly described, a system of 
spoil tracks was laid on the tunnel bottom from 
each shaft to the headings being worked from 
that shaft. Cars from the headings were run to 
the shaft on these tracks and then hoisted to the 
surface by elevators. At all the shafts but one 
the shaft elevators were raised either to the sec- 
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ond floor of the building above the basement oc- 
cupied or else to a corresponding level in a shaft 
head-house built on the curb line as shown by 
Fig. 4. Here the cars were dumped by means of 
suitable chutes into wagons, which conveyed the 
spoil to the lake front. At the lake front a sti‘f- 
leg derrick was installed, and as each wagon ar- 
rived, this derrick was used first to lift away the 
side boards of the wagon and then to hoist the 
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» body and dump its load. The excavation 
done during the late afternoon and night 
it was possible to haul away most of the 
between 5 p. m. and 7 a. m., when other 
street traffic was at the minimum. 
“at shaft No. 8, the exception noted above, a 
method of handling the spoil was em- 
ployed. This shaft was located close to the bank 
¢ -he Chicago River, at the south end of Market 


being 
shifts, 


spoil 


FIG. 4. VIEW OF SHAFT HEAD HOUSE, BUILT ON CURB LINE. 


St., where, also, the company’s warehouse is lo- 
cated. Here an incline was constructed from the 
tunnel to the street surface, up which the cars 
were hauled by an endless chain with dogs which 
took hold of the axles. They were then run onto 
a fan-shaped system of tracks leading to dump- 
ing platforms. These platforms were hinged to 
the edge of the wharf and provided with gallows 
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Fig. 6. Frame and Form for Lagging for Lining 
Lateral Conduits. 

frames by which they could be raised and lowered. 
When lowered they overhung a scow moored 
alongside the wharf, and when raised they left the 
channel clear. Fig. 5 shows these dumping plat- 
forms with a partly-loaded scow in place. This 
method of handling material was found to be very 
economical and convenient. 

The cars used in handling the spoil to the shafts 
and taking the lining concrete from the shafts to 
the work, were 20 ins. wide and 4 ft. long, and 
were built to run on a 14-in. gage track. Mr. Jack- 
son remarks concerning the small size of these 
cars, that this was in his opinion largely instru- 
mental in the suecess and rapidity of the work. 


GEORGE W. JACK SON 


PRONE MAIN 3074 1226 


no BILLS. 


One reason for this was that if a car jumped the 
track it could be set back by hand and by one 
man. Another advantage was that each car load 
of concrete could be so speedily handled as to pre- 
vent initial set before the material 
ited in the lining. 

were built and used. 


was depos- 
Altogether {© of these cars 


LINING CONSTRUCTION.—The construction 
of the concrete lining followed the excavation 


orm 186 


SHAFT 


tached to the end frame, as shown in elevation by 
Fig. 7 and in detail by Fig. 9. 

For the three and four-way intersections special! 
forms of ribs had to be provided; they were, how- 
ever, of similar construction to the ribs described 


above. Fig. 10 shows in plan the arrangement of 
the center ribs for a three-way intersection, and 
Fig. 11 is a similar illustration for a four-way 


intersection. These plans also furnish a clear 


FIG. 5. VIEW SHOWING MOVABLE PLATFORMS FOR LOADING 


SPOIL SCOWS ON RIVER FRONT. 


closely, the two excavating shifts in each head- 
ing being followed by a lining shift, so that exca- 
vation and lining proceeded alternately in each 
heading. The lining consisted of straight line 
work, and of two, three and four-way intersec- 
tions. Concrete was used entirely. For the 
straight line work the concrete was composed of 
one part American Portland cement and five parts 
of broken stone and screenings, or five parts of 
mixed gravel and sand. For the intersections the 
proportion of aggregates was reduced to four 
parts. All the cement was carefully tested before 
use, a sample being taken from every barrel. The 
concrete was all mixed in the basements occupied 
by the shafts, and then taken to the work in the 
small cars previously described. 

In constructing the lining the floor was first laid; 
rib centers were then set up on the completed 
floor and lagged for the construction of the side- 
walls and roof. The lagging was placed begin- 
ning at the bottom on each side and built up as 
fast as the concrete could be placed and tamped 
behind it. When the crown of the arch was 
reached short sections of lagging 3 ft. long, ex- 
tending over two ribs, were placed and the con- 
crete was filled in from the end and tamped in 
place. In all cases the lining concrete was made 
to fill completely the space between the lagging 
and the encircling walls of the excavation. 

Two forms of center ribs and lagging were em- 
ployed, one for the lateral conduits and one for 
the trunk conduits. For the lateral conduits the 
ribs were made of 3-in. channels curved to the 
sectional profile of the conduit. One of these ribs 
is shown by Fig. 6. As will be seen, each rib is 
composed of four segments joined by riveting 
short flange bars to the inside of the channel and 
bolting their projecting flanges together. These 
ribs were set 3 ft. apart and the lagging used 
was 2-in. plank. 

The ribs used for the trunk conduits were much 
similar to those for the lateral conduits, except 
that they were thoroughly braced, as shown by 
the general elevation of Fig. 7. The rib channels 
were 5-in., 644-Ib., steel channels and 4 x 4 x 5-16- 
in. angles were used for bracing. The ribs were 
made up of sections bolted together. In place of 
wooden plank, however, a steel lagging consisting 
of plates stiffened on all four edges by angles, as 
shown by Fig. 8, was employed. Furthermore, to 
permit the end of each section of lining to be 
finished off square and thoroughly tamped, ver- 
tical diaphragm plates or “end flights” were at- 


idea of the construction of these intersections. A 
view of a completed four-way intersection is given 
in Fig. 12, and presents, as will be seen, a hand- 
some piece of concrete masonry work. Fig. 13 
is a view of a lateral conduit under construction, 
showing the centering, the front end of the con- 
crete lining with the key section ready to be 
filled in at the crown, and the excavation ahead 
of the lining. The nature of the material pene- 
trated is excellently illustrated by this view. 
PROGRESS OF WORK.—On Sept. 1, 1902, there 
had been completed 59,954.57 ft. of straight lateral 
conduit, seven two-way intersections, 29 three- 
way intersections, and 25 four-way intersections, 
making altogether 61,726 ft. of conduit. This con- 
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Fig. 7. Frame and Form for Lagging for Lining 
Trunk Conduits. 


duit was completed in 101%, months of actual 
work. The work done and the rate of progress 
at each shaft during this time was as follows: 


Average 
Working per work’g 

No. ft days. ¢ day. 

Shaft No. 1.. 18,730 204 63.1 ft 
14,595 247 59.2 

2,464 118 20.5 ** 

= 17,510 229 Ton °° 

1,244 63 19.4 ** 


The average working days from all shafts were 
188, the average daily progress from all shafts 
was 328 ft., and the total excavation from all 
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Fig. 8. Details of Steel Lagging for Lining Trunk 
Conduits. 


{0,000 barrels; broken stone, 30,000 cu. yds.; and 
gravel, 60,000 cu. yds. 
GIFT PROPOSITIONS FOR PAYING WORKMEN.* 
By Frank Richards, M. Am. Soc. M. E.+ 


9 They are most fortunate evermore who can work most 
: wholeheartedly. The wage earners of the world have not 
hitherto been thus fortunate, and they and the world have 
been the losers. They certainly have not been so situated 
hitherto that they could have any desire to do what they 
% could to its utmost, and still less to seek for ways of 
es doing still better. They certainly have a right where pos- 
te sible to more operative and unfailing incentives. How to 
change the worker's attitude toward his work by means of 

a change in the system of apportioning the recompense 

for it would seem to be the foremost problem of the open- 

“fj ing years of the new century. How shall the worker, 
¥ whatever his grade of skill or efficiency, who has hitherto 
worked only for a fixed daily wage, be so paid here- 

after that he shall not only get all that he earns, but that 

he shall be willing and even desirous to do more, and 

thus to earn more, up to the limit of his ability? We 

bave done much boasting, especially as Americans, over 

“s the excellence of our ma- 
Ty chines and over the continu- 
Cll ing increases in their effi- 

End ‘Flight ciencies. Why have we not 
: been equally exultant over 

the individual efficiencies of 
our men, and equally dili- 
gent and successful in pro- 
moting their efficiencies? It 
is notorious and it is absurd 
that it should be so, that 
the worker finds little satis- 
faction in increasing 
output, and that he takes 


Fig. 9. Details of End Diaphragm Plates Used in 
Lining Trunk Conduits. 


no pride in it, but rather organizes to retard it as much 
as he can. 

The reason seems to be plain enough. Daily wages, 
and the same wages for each, offer nothing at all to induce 
one man to do more than another. Why should any man 
who works for so much a day try to do more than just 
what will hold his job? Indeed, according to prevalent 
modes of reasoning, if he does more without commensu- 
rate remuneration, what is he but a fool? In spite of all 
efforts at equalization there is always an appreciable and 
often a very great difference in the quality or quantity 
of work done by different men; and if all are paid alike, 
then either some are not paid enough or some are paid 
too much, and pay by the day would never seem to be 
fair and just to all. The system survives, we may Le- 
iieve, chiefly because nothing better and generally appli- 
cable has been devised. 

Other schemes are, of course, continually being tried, 
and even adopted, more or less extensively. On the face 
of it, piece work, or pay exactly proportioned to the 
amount of work done, is the only exact justice. Unfortu- 
nately. it is sometimes so craftily manipulated that jus- 
tice deserts it. On the promise of equitable payment for 


*A paper presented at the New York meeting of the 
American Society of Mechanical Engineers. See also 
papers by F. W. Taylor in Engineering News, Vol. July- 
Dec., 1895, p. 3: and by F. A. Halsey in Engineering 
= News, Vol. July-Dec., 1891, p. 61. 

+Associate Editor “American Machinist,’’ World Build- 
ing, New York city. 


actual work, and in exact proportion to what is done, the 
worker claims too often to find that in the end it is a mere 
arrangement to squeeze from him more work for less 
wages, so that if by day wages some are paid too little, 
by piece work a much greater number are ultimately so 
paid. 

This estimate of any system which has the name of 
piecework is quite widely held by wage-earners. The ¢s- 
sential justice of the piece-work system remains, and it 
might be well worth while to investigate the mistakes, 
and worse, which have misdirected its application. Tn- 
stead of that, we have set to work to devise other schemes. 
We have now before us, skilfully stated and earnestly 
advocated, the ‘‘Bonus System of Rewarding Labor’’; and 
the ‘‘Premium Plan of Paying for Labor.’’* The essential 
error in both of these would seem to be in the ignoring of 
the strictly business relation of employer and employee. 
The employer of any worker is simply a _ buyer 
of what the worker has to sell, ostensibly paying 
equitably for what is done and for all that is done. Why, 
if possible, should he not pay in exact proportion to the 
quantity done, the same as in buying coal or beef or any 
other merchantable commodity? If the gift proposition 
is all right in paying the workmen, why not propose also 
a Bonus System of Rewarding the Grocer or a Premium 
Plan of Paying for Beef? 

Of the two devices here spoken of together, the premium 
plan seems to be the most prominent and to be regarded 
with the greatest favor. I know that the plan has been 
devised and proposed in all honesty, and with the most 
commendable of intentions, and that it has been advo- 
cated and promoted by its originator as the fairest thing 
at present possible between employer and employee, and 
at the same time an ideal stimulant for the worker; 
nevertheless, it is for be to speak of it only as I see it. 

It happens that I am familiar most of all with the 
things which pertain to machine shops, and with the ways 
in which things are done in machine shops, including 
the adjustment, and the various attempts at adjustment, 
of the pay to suit the work. It happens, also, that the 
so-called ‘‘premium’’ plan has had its trial and adoption, 
and what successes it has won, chiefly if not entirely in 
the machine shop. We will go right into the shop, then, 
and try to understand the plan and how it works, espe- 
cially in comparison with the regular old daily wage 
system. 

We assume, which it is easy enough now to do, that 


“times are good, that the men have constant work and fair 


daily wages, and that the employer is finding profit in his 
business. In the shop are two workmen, each running a 


Ic 


FIG. 11. PLAN OF FOUR-WAY INTERSECTION, SHOWING 
ARRANGEMENT OF CENTER FRAMES. 


lathe, the lathes precisely alike, and each turning out 
the same amount of work every day. Each lathe is worth, 
as it stands with all its tools and appurtenances, say, 
$1,000. The proportion of value of the buildings and other 
details of the general plant chargeable to the individual 
lathe is, say, as much more. This makes $2,000 as the 
actua] capital that it is necessary for us to consider in 

+ Eng. News, Vol. July-Dec., 1895, pp. 3, 8. 

* Eng. News, Vol. July-Dec., 1891, p. 61. 


this relation. We allow, say, 10% per year on ¢ 

to cover interest, repairs, maintenance, and de; Ris: 
which is $200 per year, or, say, 65 cts. per wo: 
We will allow for the power to drive the lathe 
lubrication, waste to wipe it, and all that, 35 ; 


Then there is a share of the office expenses 


Fig. 10. Plan of Three-Way Intersection, Showing 
Arrangement of Center Frames. 


ductive labor,”’ as they call it—and all the other thing 
that it takes to keep the business going; this we may put 
at 50 cts. per day. We will pay each 
man $3 per day, and then the tota 
daily charge for each lathe wil! be lik: 


this: 
\ Interest( ete., on lathe and plant.$0.05 
Power and operating expenses.... 
ox Total cost per day........... $4.50 


It makes no difference for our pres 
ent purpose whether thes: 


\ 
JW figures are all just and 
A proper or not. Anyone 
may assume any other 
> figures to suit his taste 


It is necessary to have in 
addition some figures 
the profit to the employe! 
on the day's work, or 
fix the value that he ma) 
ultimately realize from 
The articles worked 0 
may be parts of machine- 
that are being built in th: 
shop, or they may have t 
go through subsequen' 
operations that will add to their ultimate cost, but we hers 
assume a value for the work as it leaves the lathe, and 
which may be realized for that part of the work which i 
done on the lathe. We will add, say, one-third, or $1." 
for the proprietor’s profit, which will make the total value 
of the day’s work of one lathe $6, and of the two lathe 
$12. We are to remember, then, that, as things are 0:05 
by regular day work, the proprietor’s daily profit for each 
lathe is $1.50 and that each man’s wage for the day !s >: 
The work of each lathe, with the men ties working by 
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: cay, the boring and turning of ten wheels of 
—* +wle for each day’s work. Now it so happens 
Ai - up with his business, the proprietor needs 
rae than the two lathes are turning out, so he 
are ther lathe and employs another man, and 
yas eots it going it turns out precisely the same 
=_— work as the others, and the boss and the men 
anager fied. The proprietor’s share or profit on the 
aig three lathes is $4.50 per day, and the sum 


The value of the work turned out is, as before, $6 for 
each ten wheels, or $18 for the thirty wheels, so that the 
proprietor, although he pays the two men the same 
amount he paid the three men, actually gets $1.50 more 
profit, or 3314,% more. 

This might have been done also as a straight piece-work 
proposition. The proprietor might have said to the men 
“Here, you fellows are working all right, of course. 1 
couldn't get any other fellows to do any better work than 


FIG. 12. VIEW OF FOUR-WAY INTERSECTION COMPLETED. 


of the wages of the three men is $9 per day. There is 
and can be no pretence or suggestion that the third man 
does not earn his wages as fully as the other two. The 
idea thus far is the accomplishment of so much work for 
so much pay, no matter who does it. Each man doing 
his ten wheels a day is paid as much for the second five 
of them as for the first five, and the proprietor gets the 
same profit out of the last five as out of the first five. 

With things going along thus satisfactorily, what if a 
man should take a spurt, and by persistent watchfulness 
of the speeds and feeds of the lathe, by keeping every 
cutting tool constantly ready and always at its sharpest, 
and by celerity and precision in making his changes of 
work and all the necessary adjustments, he should turn 
out five more wheels per day? Shoulde he not receive for 
the third five as much as for the first five or the second 
five, as long as he had been only equitably paid before? 

In work that is paid for by day wages there is always 
this recognized ability in the man to somewhat increase 
his output if sufficient inducement is offered. There is 
a ‘fair day's work’ that is recognized as such and ac- 
cepted as satisfactory all around, and yet which is never 
assumed to be the extreme limit of a man’s possible ac- 
complishment. There are different ways of applying in- 
ducements to the men to get them to turn out the pos- 
sible surplus of work. The proprietor should have no dif- 
ficulty in recognizing the justice and propriety of paying 
pro rata for all the work turned out, as he certainly is 
paid in that way for all the product of his shop. 

Returning now to the two men jogging comfortably 
along and turning out each his ten wheels a day and 
getting his $3. The boss to poke them up can simply tell 
them that he will pay them at the same rate for all they 
can do. It may then happen that when the men get 
everything tuned up and have acquired their full momen- 
tum they will actually turn out fifteen wheels a day each, 
ind each get his $4.50. Besides the additional wages paid 
to the men there will be no increased expense to the pro- 
prietor, except possibly one or two cents a day for ad- 
ditional power consumed, an item undiscoverable in prac- 
tice and entirely negligible here. With the three men on 
the three lathes turning out each his ten wheels a day 
the men each received $3, or $9 in all, and the proprietor 
received $1.50 net profit for each man’s day’s work, or 
$4.50 in all. Now, with two men doing the same work, al- 
though the proprietor has paid in wages to the two men 
precisely what he paid the three men, he has saved the 
shop room and the cost of carrying the third lathe. He 
has saved, in fact, the first three items of expenses as we 
first enumerated them for one lathe. For the two lathes 
turning out thirty wheels a day the cost will be: 


Interest, ete., on two lathes and plant.............. $1.30 


Power and operating .70 


you are doing, and I haven't a word of fault to find; but, 
all the same, you know, I'm mighty anxious to get out 
some more of those wheels. Let’s see. You are turning 
out ten wheels a day; that’s thirty cents apiece. Well, 
I'll give you thirty cents apiece for all the wheels you 
can turn out; so pitch in, and the more you make the 
more I'll make, and the better we'll be pleased all 
‘round.’’ Then, when the men get to turning out their 
fifteen wheels a day each, the figures will be the same as 
those last given. Too many bosses get alarmed as soon 
as the men by piece-work begin to get any appreciable 
percentage above day wages, and then the cutting of 
prices begins, and the men soon get disgusted. 
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Fig. 13. View of Lateral Conduit Under Construction. 


Now, it’s so much better to begin right with the men. 
The ‘premium’ plan is to be admired for the sweetness 
of its approach and its avoidance of anything but pleas- 
ant suggestions. Imagine the two men working along 
by the day as before, with the boss as anxious as before 
to increase his output, but with the ‘‘premium’’ plan in 
his head. He comes along in his cheerfulest mood and 
begins to talk it up. He begins to tell how he’s got to 


get out more wheels. ‘“‘Now, boys,"" he says, “I know 
you won't object to raking in a little more cash every 
Saturday night, and I can put in in your way I'll tell 
you what I'll do. I'll go halves with you; and if anything 
can be fairer than that ld like to know it. Of course, 
you are both turning out a fair day's work, but | suppose 
you could get out a little more if you looked after every 
thing sharp. You shan't run a bit of risk of losing any 
thing. You shall have your full day's pay for the ten 
wheels you turn out, just the same as now, and for all 
you turn out over and above the ten you shall have half 
of what they come to at the same rate. That's the pre 
mium plan that they are working on in a good many 
-hops now, and lots of fellows are getting extra pay by 
it, and the extra pay i ust as good for you as for the 
rest of ‘em, and I'll be 


ist as glad to see you get it.”’ 

Well, the two men go to work under this “premium 
plan, and when they are under full headway, turning out 
fifteen wheels a day each, the statement for the two men 
will be like this 


Interest on lathe and plant $1.30 
Power and operating expenses 70 
Office expenses 
Day wages for 20 wheels , 6.00 
10 wheels at 2 1.50 

Total cost per day $10. 50 


For the thirty wheels turned out, as before, the men 
each receive $3.75, or the two receive $7.50 instead of 39, 
and the proprietor’s profit is inere 


sased by the difference, 
$1.50. The men get $1.50 less and the proprietor gets 
$1.50 more than by piece-work, every circumstance being 
identical in the two cases, except that in the latter the 
men have worked under the “premium plan. It re 
quires no further demonstration to convince anyone that 
the plan carries a premium, but take notice who it is that 
gets the premium; and he who gets the premium should, 
of course, praise the plan. Those who are getting the 
premium are the ones to-day praising the plan 

I believe I have not here stated the premium plan un 
fairly, or misrepresented the mode of its presentation by 
the employer to the workmen. It seems to be proper to 
ask, as man speaking to man, is this premium plan such 
as any square-dealing business man would propose to an 
other, or is it what a sharper would propose to a simple- 
ton? Are the exigencies of business such as to necessitate 
and justify any and every device for wheedling from the 
workmen as much work for as little wage as possible? 

One detail of the premium plan which is specially in- 
sisted upon by the promoters of it is that it shall be 
honestly administered, and that no advantage—no addi 
tional advantage, we might say—shall be taken of the 
men after it is put into operation, or, in other words, 
that there shall be no cutting of the rates after they have 
been once agreed upon According to the illustration 
which I have here worked up there would seem to be 
little need of cutting the rates. Should the opportunity 
appear and the temptation arise, however, to cut the 
rates, there is nothing to prevent it with the premium 
plan any more than with pure piece-work, and either sys 
tem is dependent upon the good faith of the employer 
When the premium plan is put into practical operation 
the proposition to the men seldom is to give them more 
than one-half the price, as I have above assumed, for the 
exeess of work produced. The author of the premium plan 
has said that he favors the giving to the men of one- 
third, and that he considers an offer of one-half to be 
dangerous, the danger consisting in the increasing temp 
tation to the employer to cut the rate. 

If, in the above, I have in any way misrepresented the 
premium plan, as I certainly have intended not to do, I 
will be glad to be corrected. I do not see that the ‘‘bonus 
system”’ differs from the ‘‘premium plan’’ except in the 
details of the device by which the same result 1s at- 
tempted to be secured, and it is not necessary here to 
consider it. 

It is my view that for everything a workman can do 
there is a fair and equitable price, whatever the difficulty 
of determining that price, and that when the man does the 
work he should get the price. The piece which by extra 
exertion he does last, brings as much (or, as I have 
shown, more) profit to the proprietor as the first piece 
that is done, and it does not appear why the man should 
not have his pay the same for each. No one can assert 
that the premium plan gives him this. It does nor rp- 
pear to me that the premium pian, or any other gift 
proposition, offers or suggests a permanent or satisfactory 
solution of the problem of equitably adjusting the wage 
to the work, so that the opening century still bas a job 
before it to devise some scheme more equitable and more 
deserving of permanent adoption. 


EXPORTS OF IRON AND STEEL MANFACTURES for 


the calendar years of 1901 and 1902 are given as follows 
by the Treasury Bureau of Statistics: 


Pig iron Imports Exports 

Produced. of Iron and of Iron and 
Years. Tons. Steel mfrs. Stee) mfrs. 
1901 15,878,354 20,394,995 $102,539,797 
1902 17,821,207 41,468,826 97,892,036 
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ROYAL COMMISSION STUDIES ON POLLUIION AND 
SELF-PURIFICATION OF THE RIVER SEVERN. 


Some unusually interesting studies of river pol- 
lution are presented by (1) Prof. R. Boyce and 
brs. MacConkey, Griinbaum and Hill, and (2) by 
Mr. Colin C. Frye, in the second report of the 
Royal Commission on Sewage Disposal, recently 
published in England.* The first of these studies, 
written by Professor Boyce, covers all but the 
chemical phases of the subject, while the second 
study, by Mr. Frye, relates to the chemical side 
of the self-purification of the river in question. 

selieving that ‘definite bacteriological data 
based upon the most recent methods of measuring 
intestinal pollution were wanting’’ it was deter- 
mined to take up such phases of water pollution 
as the life history of intestinal bacteria afte 
being discharged into a river; the distance below 
sewer outlets before it becomes safe to drink the 
river water, and the best means of detecting such 
bacteria in river water. 

The first plan was to select a river into which 
the effluent from biological filters is discharged, 
but no suitable locality for that purpose could be 
found. The River Severn at and near Shrewsbury 
was finally chosen, because it was near the control 
laboratories of Liverpool; was used for drinking 
and other domestic purposes, as well as fishing; 
its volume and velocity could be readily deter- 
mined; the stream was so tortuous that long 
water distances could be covered by short land 
journeys (see Fig. 1 for a portion of the river); 
it received the sewage of Shrewsbury; and certain 
unpolluted streams of the same drainage area had 
already been studied. 

The investigations covered 26 miles of river, be- 
ginning two miles above the Shrewsbury water- 
works intake. The river varies much in width, 
but averages about 200 ft. In its broadest and 
shailowest parts navigation in a small boat was, 
in dry weather, quite difficult. From November 
10, 1899, to March 27, 1901, the river elevations 
at one of the ferries have varied by a net depth 
of 9 ft. 3 ins. The velocity at another ferry was 
30 ft. per minute and the flow about 130,000,000 
U. 8. gallons per day, on July 12, 1900; on Janu- 
ary 6, 1001, the corresponding figures were 180 
ft.. and = 1,265,000,000 gallons. The minimum 
recorded flow (February, 1898) was 102,000,000 
U.S. gallons per day. 

The tributary streams, in the stretch under con- 
sideration, are few and with the exception of one 
“very dirty’’ brook, ‘comparatively clean.” 
There are numerous land drain outlets on each 
side of the river. The banks of the river, except 
for stretches in Shrewsbury, ‘‘are for the most 
part composed of mud in which willows are 
numerous.”” In Shrewsbury ‘“dust-bin rubbish” 
has been dumped along portions of the banks. 
The bed of the stream, in the town, is composed 
of sludge in places, but above and below Shrews- 
bury the bottom is rocky and gravelly. The rock 
bottom affords a foothoid to extensive growths of 
Water Ranunculus. 

The water-works intake is at the edge of the 
town,7 and a few hundred yards below it sewer 
outfalls begin to appear, there being one large one 
and some 35 small ones. Two mJles above the 
water-works intake a sewer discharges into the 
river tke sewage from a county asylum, and 
probably from some houses. This is a serious 
source of pollution, as was evident from float- 
ing feces and deposits of putrefying sludge. Just 
above the water-works intake, irain pipes “of 
various kinds” from an inhabited district can be 
seen, and throughout the town “all kinds of 
garbage” are thrown into the river. Below the 
Shrewsbury water-works intake the stream is 
fairly free from pollution for some ten miles to 
a point where the sewage from a workhouse en- 
ters the river. Some 24 miles below the intake ‘‘a 
multitude of sewers and drains can be seen ter- 
minating in or near the water. 

The normal dry weather flow from the Shrews- 
bury sewers was estimated at about 1,000,000 U 
S. gailons a day in 1896, or 1% of the dry weather 
flow of the stream. The sewage is of a domestic 


*See Eng. News, Oct. 9, 1902, for a lengthy abstract of 
other portions of this report 

*This water is furnished, without filtration, for general 
domestic purposes, other than for drinking. Water for 
drinking is brought from a distance, but is supplied from 
street stand-pipes only. 


character, from a population of about 29,000. An 
analysis of the discharge from a large sewer 
showed 300,000 B. coli communis per cu. cm. 

The river is normally clear, but has a brown 
color, due to a peaty drainage area. The sewage, 
of course, gives rise to turbidity, as also does 
heavy rainfall. Turbidity from the latter source 
is due to “fine mud in suspension.” Turbidity 


was usually present, the average fo 
being 24 per cu. cm. 

BACTERIA IN THE RIVER SEy} usp 
ABOVE SHREWSBURY.—Samples 
ing a period of a year, about 60 ft 1 
county asylum sewer outfall, where 
lution begins, showed an average | 
000 bacteria per cu. cm., or 5.000 if ; 


determinations have been made in a hand centri- ceptional samples be omitted. B. en) os 
fuge worked 2% minutes at about 2,000 revs. per was usually present, but the deren in 
min. They clearly show the effect of the addition 11 per cu. cm. . - 
of the Shrewsbury sewage, and correspond with 
the increase of B. coli communis due to the same aig nn INVESTIGATIONS IN THE | Ol 
PORTION OF THE 
The bacterial analyses were be 
BACTERIAL INVESTIGATIONS ABOVE THE per, 1899, and extended to agg pes 
MAIN SOURCES OF POLLUTION. omission of the months of December, 18!) jc} ru 
BACTERIAL STUDIES OF LAKE VYRNWY.— ry and June, 1900, and January, 19) 7 
This lake is in the upper drainage area of the 4Verage figures for the whole period th 
River Severn and both the lake and its feeders, points indicated, were as follows: 
together with ‘the soil of the water-shed, and the Analysis of Samples 
mud which settles to the bottom of the lake, are el 
constantly under observation” by Professor Locality. first point, Mia Co 
Boyce, in behalf of the Liverpool water-works Asylum .. = Total communts 
authorities. Waters of 38 streams entering the Water-works .............. 20 13.000 45 
lake were analyzed for B. coli communis; likewise Bridge 
15 samples of soil from the drainage area, and Ferry IIL. 45 19,000 
many samples of lake water during a period of an 1-000 142 
three years. The feeders showed 13. coli in only Cressage 180 5.000 
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FIG. 1. MAP SHOWING THE MAIN DRAINAGE SYSTEM OF SHREWSBURY AND SOME OF THE 


POINTS IN THE RIVER SEVERN 


one instance, and at that time there was a gang 
of workmen in the vicinity. The soil was also free 
from B. coli. The organism has never been 
found in so little as 1 cu. cm. of water, but a 
few have been found in a greater volume. This 
we add, seems to be of little significance in view 
of the fact that “the average number of bacteria, 
as determined at different points on the surface, 
and at various depths in the lake, is 31 per cu. 
em.” Only 3 of 28 samples of the deposit at the 
bottom of Lake Vyrnwy showed the B. coli, and 
only one colony was found in each case, 

BACTERIA IN LAND DRAINS NEAR 
SHREWSBURY.——In 12 of 17 land drains dis- 
charging into the River Severn, B. coli were 
absent in 1 cu. cm. samples, and when present 
the numbers were small. The total number of 
bacteria in these drains varied from 100 to 3,000 
per cu. cm. One land drain, not included above, 
showed as many as 19,000 B. coli per cu. cm., 
and was found to be contaminated by the sewage 
of the Atcham Workhouse. 

BACTERIA IN BROOKS NEAR SHREWS- 


BURY.—Small brooks entering the river showed 
more bacteria than the drain water, and B. coli 


AT WHICH SAMPLES WERE TAKEN. 


Fig. 1, which is a map of the “Shrewsbury 
Main Drainage,” shows the location of sewer out- 
lets and also of some of the sampling points 
named in the foregoing table. Fig. 2 shows 
graphically the average numbers of all bacteria 
and of B. coli found at the various points. In 
further explanation of the results it may be sald 
that pollution begins above the water-works in- 
take and is its heaviest in the vicinity of the 
English Bridge. What may appear to be re 
latively small number of germs amidst so much 
pollution is ascribed to the dilution by 100 parts 
of river water. 

Several variations affected the bacteria! con- 
tents, the average being exceeded in dry, warm 
weather, when the river was low. Surface 
samples and those collected 2 ft. below did not 
show great bacterial differences, ‘“‘more common) 
the superficial contains more bacteria than the 
deep sample, but in many instances this is re- 
versed.” The authors recommend that samp!rs. 
in such investigations, be taken “at numerous 
points from bank to bank, and then mixed” be- 
fore analysis, a method followed in the latter part 
of these studies. 
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oritides sporogenes was usually “‘‘absent 
m coli was absent, namely, in the compara- 
pure parts of the river * * * it has oc- 
iy been absent also in obviously polluted 
narts f the river. 
sTUDIES OF RIVER MUD. 
‘¢ mud, 32 in all, were taken at the 
and examined for B. coli communis 
nteritides sporogenes. Bb. coli varied 
ond 48 per cu. cm, above the asyium (that 
the first serious pollution) to 100,000 in 
.ces in Shrewsbury, and 432,000 in cer 
agnant bays within that town. It was also 
ry 18 miles below, but seems to have dis- 
ed before the lowest point of serious pol- 
tution was reached. 
samples from the river bed were obtained by 
of a cylinder, lowered to the mud, and 
— ed with an exhaust pump. Above pol- 
lution, 70 B. coli per gramme of mud were found; 
opposite the first large sewer in Shrewsbury, 
300,000; a little lower, 1,200,000; and a few miles 
low 5.200 and 900. As far down as 18 miles 
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the germs were found. 
THE SEWAGE FUNGUS. 


This organism has long been recognized, the re- 
port states, as an indicator of sewage contamina- 
tion, It was studied at several localities, includ- 


ing Atcham Brook, a tributary of the River 
Severn, and the River Alt, which flows by the 


24,000 


200 ta | 
SS) 
| 
> 15000 Ress + T | 
10000} t | 
[CORN 
a + 
+ 
Severne+ 
Fv 3456789VON 6176 
Polluted 
Area Miles. 


Fig. 2. Effect of Pollution Upon the Total Number 
of Bacteria and the B. Coli Communis in the 
River Severn. 

(The black area indicates number of bacteria coli. The 

hatched area shows total number of bacteria.) 

West Derby sewage farm. Tt was also observed 

at Dewsbury, Leeds and Birmingham. The re- 

port states that 


The fungus is a gelatinous, cottonwool-like, and wavy, 
white or reddish growth, which is found in shallow water, 
covering stones, lining drain pipes, or attached to water 
plants and debris; we have also found it in abundance 
in urinals. It is an unmistakeable indication of sewage 
contamination, and quantities of it are often to be seen in 
the streems of sewage farms, and in the small drains and 
brooks highly charged with sewage which are found in 
the vicinity of houses and villages in the country. 

At Birmingham, England, screens have been 
provided to prevent the passage of the fungus 
into the river, “where it would have produced a 
nuisance by setting up ‘secondary decomposi- 
tions.” At one of the sewage farms at Berlin, 
Germany, the fungus was seen “adhering to the 
debris in the small effluents.” Atcham Brook, 
already mentioned, was almost choked with the 
fungus, the growth being ‘white, the tufts wavy 
and very gelatinous.” Until this growth was 
discovered the brook was supposed to be unpol- 
luted, but bacterial tests showed 19,000 coli com- 
munis per cu. em., and an examination showed a 
concealed sewer outlet from a workhouse, and 
also a small feeder of quite pure water, ‘‘the com- 
bination of clear running oxygenated water with 
sewage” seeming “‘to be necessary for the develop- 
ment of the fungus.” 


ACTION OF THE PRODUCTS OF DECOMPOSI- 
TION DISSOLVED IN THE RIVER. 
There can be but little doubt, the authors be- 
lieve, that the products of bacterial decomposition 
in river water act injuriously upon fish life, since 
the bacterial life processes absorb oxygen and 


produce carbonic acid and other gases. In the 
Severn, “large anaerobic deposits of sludge in 
certain places in the bed of the river’ emit sul- 
phuretted hydrogen, ‘‘and will, therefore, affect 
the fish.” Furthermore 


The fish are also indirectly affected through the 
plant life in the river The aquatic plants not only them 
selves serve for food for certain fishes, but they also har 
bor the lower forms of animal and vegetable life which 
help to support fish We have observed that the green 
aquatic plants do not grow near the anaerobic decomposing 
mud, they require oxygen, and it is most probable also 
that they are as sensitive to dissolved sulphur and other 
gaseous compounds as are land plants But this is again 
a subject which requires much further investigation. We 
do not wish to overstate the danger to fish life of pollu- 
tion. Undecomposed sewage, or a non-putrescible effluent 
is probably innocuous, and it can also readily be under- 
stood that a small quantity of sewage entering a river may 
be rapidly decomposed by bacteria, and contribute largely 
to the support of the lowest forms of plant and vegetable 
life, and these in their turn to the higher forms. This 
does take place and is comparable to the advantage on 
land of judicious manuring. We have, however, at 
Shrewsbury described excessive pollution, a condition 
which unfortunately exists in many rivers and 
which sooner or later produces changes which render 
higher animal and vegetable life impossible In addition 
to bacterial poisons there are numerous instances of the 
poisoning of fish through mineral poisons discharged into 
sewage, finding their way into rivers.* 

If our knowledge of the harmful effect of the dissolved 
products of bacteria is very slight, that of other dissolved 
product3, such as toxines, is still less, and we take this 
opportunity of drawing the attention of the Royal Commis- 
sioners to the lack of information concerning the action of 
these poisonous substances in water which appear to play 
an important part in the reduction of animal and vegetable 
life in our polluted rivers. The few experiments which 
we have made appear to show that the effluent from a 
Whittaker bed is less toxic than that from a Dibdin bed, 
and certainly less than septic tank fluid or crude sewage. 


COMPARISON OF CHEMICAL AND BACTE- 
RIAL RESULTS. 

Putting the chemical results obtained by Mr. 
Colin C. Frye alongside the bacterial results, it 
appears that the albuminoid ammonia, oxygen 
absorbed and chlorine were high when B. coli 
were low, but the variations in free ammonia and 
B. coli correspond closely. The total number of 
bacteria appears to have agreed fairly with the 
general conclusions from all the various chemical 
determinations. 


SELF-PURIFICATION OF THE RIVER 
SEVERN. 

The investigation of this phase of the subject 
was mostly “confined to tracing out as accurately 
as possible what became of the pathogenic bac- 
teria which found their way into the river,” but 
enough information upon the general subject of 
self-purification was obtained to make the authors 
entirely agree with the recent conclusions of the 
yerman government “that the enquiry is a vast 
one, and that a great deal of research is still 
required.” 


DESTRUCTION OF INTESTINAL AND PATH- 
OGENIC BACTERIA IN THE RIVER. 
The evidence already presented shows that the 
intestinal organism, B. coli, rapidly decreases in 
numbers at successive points below the introduc- 
tion of polluting matter. This is due to subsid- 
ence and to side adhesion to the banks and veg- 
etation of the stream. Temperature and other 
environmental conditions are not only unfavor- 
able to the multiplication of these germs in the 
water and mud, but, in common with the other 
germs, they suffer from lack of food, due partly 

to dilution, and finally die. 


DESTRUCTION OF ORGANIC MATTER IN 
THE RIVER. 

The coarser fish, rats and birds, it is believed, 
“act as very efficient river scavengers.” The 
marginal flora retain much organic matter, and 
sedimentation deposits more. Once organic 
matter is incorporated with the mud of the banks 
and bed of the stream, the former 


is decomposed by bacteria, just as in the case of manure 
or sewage on land or in contact beds. Aerobic fer- 
mentation takes place in the ‘“‘wind and water line’ * * * 
and reduces the organic matter to nitrates and to other 
foodstuffs, which can be readily taken up by the green 
plants along the banks. * * * We compared the action 
taking place in these sludge accumulations to that in 
the septic tank; anaerobic and H.S forming bacteria de- 
velop, the mud is black, offensive gases are evolved, and 
there is no green submerged aquatic plants in their 
vicinity, because of the injurious products which are 
formed. * * * The shallow oxygenated river bed sup- 
ports a luxuriant growth of the Water Ranunculus and 
Myriophyllum, the leaves of which are finely divided and 
adapted in a remarkable manner to strain the water 
flowing through them, as can be seen by the debris and 
mud which can be dislodged from them if they are dis- 
turbed. When the’ particles are arrested they are no 


*The increasing use of carbolic acid as the common do- 
mestic water-closet disinfectant, and the large use of dis- 
infectants by municipal authorities, will probably in time 
produce effects in rivers. 


doubt taken up by bacteria, and by the lower forms of 
animal life, and are reduced to substances which go to 
nourish the plants which retain them. The decomposi- 
tion of the solid matter, whether proteia@, fatty or carbo- 
hydrate, is thus accomplished by the aerobic and anae- 
robic bacteria, which are present in the sewage and 
sludge, and the grit and insoluble mineral constituents 
gradually collect on the bed of the river and lead in time 
to silting. The bacteria are not alone in this destruc- 
tive process, representatives of the lower forms of 
green algae and the protozoa take a share. 

Soluble organic matter also disappears, probably 
due to both chemical and biological action. Sew 
age fungus, particularly Sphaerotilus natons 
plays a most important part in the process, ap- 
parently acting vigorously upon. sulphuretted 
hydrogen. 


THE FLORA OF THE RIVER SEVERN AND 
ITS SHARE IN PURIFICATION. 


A survey of the flora was made in June, a time 
of the year when the water is low and the ‘water 
ranunculus covers extensive reaches of the river 
with its white flowers.” The “wind and water” 
zone, Which is kept moist by stream fluctuations 
due to slight changes in water level, to wind 
action, and to capillary attraction, “is for the 
most part free from vegetation, and consists of 
“an exposed mud bank, where the conditions 
favor the collection of organic material and con 
duce to bacterial activity, which may be compared 
to the action taking place “in a contact bed or in 
irrigated land.’” This mud zone, where polluted, 
“becomes covered with euglena, oscillatorice, 
closterium or other protophytes.” 

The deeper portions of the permanently sub- 
merged banks support a variety of vegetation, in- 
cluding Ranunculus aquatica, and the shallower 
parts give rise to sedges, alisma, water grasses 
and willows. Close in shore, in sluggish water, 
pond weeds grow. The water Ranunculus fs more 
abundant above and below than in Shrewsbury. 
This plant grows best in swift currents, where the 
water is comparatively shallow, very little being 
found in June (when the river was low) at depths 
of over 4 ft. In places the weed forms a com- 
pete barrier from bank to bank It grows in 
“wavy tufts 6 to 10 ft. in length. which are com- 
posed of finely branching stems and leaves,” 
forming ‘‘huge bundles which float in the water 
and send to the surface the flowering stems.” 
These plants retain large quantities of suspended 
polluting matter, as do various other aquatic 
plants. Besides rendering such notable service as 
this the aquatic plants “give off great quantities 
of oxygen in the presence of sunlight.” Adhering 
to the plants are numerous protophytes, protozoa 
and bacteria, which doubtless “take a share in 
getting rid of the impurities held up by the 
meshes of the more highly organized plants.” 

It is considered both remarkable and fortunate 
that in the summer, when the sewage is less 
diluted than at other times, and “when putrefac- 
tion is much more active, the harmful effects of 
bacterial activity appear to be so soon neutral- 
ized.” In winter the filtering action of the plants 
is of course much less, but even then the fine. 
drooping branches of the willow strain out some 
of the coarser matter, and of course the dilution 
is then much greater than in summer. 

Professor Boyce sums up the whole study (Jan- 
uary, 1902) as follows: 

(1) That the B. coli is a most reliable test of pollution. 

(2) That the B. coli is normally absent in 1 cu. em 


quantities of water taken from the Vyrnwy watershed of 
the River Severn. 

(5) That when the B. coli is present in a small stream, 
contamination from houses can be traced. 

Pa — small land drains are comparatively free from 

. coll. 

(5) That the small streams running into the Severn 
often contain considerable quantities of the B. coli due 
to contamination from preximity to houses. 

(6) That the sewage of Shrewsbury causes a very great 
increase in the number of B. coli in the river, and that 
sixteen miles lower down the effect of pollution can still 
b> detected by the numbe-: of B. coll present. 

(7) That there is no evidence of the multiplication of 
the B. coli in the river water 

(8) That the B. coli is present in considerable numbers 
in the mud of the Severn in the polluted area, and that 
this mud may be the means of keeping up and extending 
poliution, but that there is no evidence of the multipli- 
cetion of the B. coli in the mud. . 

(9) That there is comparison between total numbers 
of bacteria and the B. coli, but. the relative proportion 
of the numbers of the latter to the former is small. 

(10) That differences occur between the number of B 
coli in superficial and deep samples, and samples taken 
rear the banks and in stagnant bays, and that therefore 
cross section samples should always be taken. 

(11) That sedimentation and side adhesion to the banks 
of the solids in suspension take place, and that at places 
in the bed of the river anaerobic fermentation occurs, 
whilst along the banks, especially in the wind and water 
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line, aerobic bacteria actively help to destroy the organic 
matter 
(12) That certein places in the river are very deep, and 
that these act as catch pits, that the stream in these 
places is sluggish, and the sedimentation is favored 
(13) That in the destruction of organic matter, whether 
solid or in solution, whilst the bacteria take the greatest 


share, help is also rendered by the protozoa and higher 
forms of animal life, by the sewage fungi, the chloropyll 
containing protophytes, and the river plants 


(14) That the Sphaerotilus natans is a test of sewage 
pollution, and that it is a purifier of sewage. 

(145) That there |s no evidence to show that pathogenic 
bacteria multiply in either the water or mud of the river. 

(16) That seasonal variations in the number of bac- 
teria occur, but taking the B. coli es the test for vollu- 
tion that the number of this organism is dependent upon 
the numbers present in the sewage entering the river 
and that when the river is swollen and muddy the num- 
ber is small owing to increased dilution, and that when 
tno river is low the number is large owing to the lesser 
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taken in mid-stream at seven points, ranging from 
two miles above to 16 miles below the Shrews- 
bury water-works intake. In general, they ac- 
corded with the many similar analyses made else- 
where, which, as is well known, show a marked 
diminution of organic matter after a few miles 
of stream flow. 


ELECTRIC PUMPING PLANT AT THE BRIDGEPORT 
STATION, CHICAGO, FOR THE ILLINOIS & MICHI- 
GAN CANAL. 


The Bridgeport pumping station on the Chi- 
‘ago River at Ashland Ave. was established about 
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what had been expected, however, by: 
was kept at work by the city, being us 
combined purpose of removing the -« 
feeding the canal. On the complet; 
Drainage Canal in 1901, the city 
Bridgeport pumping plant over to ¢) 
District, which concluded to remoy, 
chinery and abandon the station as 
longer necessary for the disposal of s, 
was necessary, however, for the cana 
sioners to maintain a supply from this ; 
only for navigation, but also for the wa 
plants at Lockport, and the burden of m 
the supply was thrown upon the State. 
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FIG. 1 PLAN AND ELEVATION OF ELECTRIC PUMPING PLANT AT THE BRIDGEPORT PUMPING STATION, CHICAGO. 


cegree of dilution which the sewage undergoes when it 
enters the river 

(17) That the effect of dilution of the river por the 
sewage of Shrewsbury is most marked. That the aver- 
age maximum number of B. coli in the river is only 600 
per cu. cm., which is much less than in an average Dib- 
din effluent, whilst a short distance below pollution the 
number decreases very considerably 

(18) That there ts a relationship between chemical and 
biological analyses. 

(19) That the River Severn is a good example of a 
river which it would be difficult to class either as a pota- 
bie or non-potable stream. It is true that the inhabitants 
of Shrewsbury consider it as non-potable, for they do not 
drnk the water; but they use it for washing purposes, 
anit copsequently there is always a liability for, say, 
milk to become contaminated by being kept in a can 
which was washed with the river water. This liability 
is increased by the fact that the river is practically used 
as a tidal river, receiving as it does the whole of the un- 
treated sewage of the town. Again, the river in close 
preximity to the town is used largely for watering cattle. 
Cattle may therefore contract disease from the water, 
and such disease may be communicated to human beings. 

The river is also used for fishing, and has a recreative 
and ornamental value. 

For these reasons we consicer that it is as worthy of 
pretection from pollution as any so-called potable river. 

Trat whilst it would be onerous to expect absolute 
sterility in any effluent running into such a stream unless 
some simple method of sterilization was discovered, yet 
a certain degree of bacterial purity, as shown by the B. 
coli test, might be insisted upon in addition to the chemi- 
eal tests, for it would indicate the extent to which the 
intestinal bacteria were reduced by the method of sewage 
treatment employed 


(20) That what has been described in this report upon 
the effects of allowing crude sewage to enter the River 
Severn is also applicable to biological effluents. Crude 
sewage is an example of the worst form of pollution, the 
effiuents from biological methods of treatment examples 
of a lesser degree of contamination, because the solids in 
suspension in the latter are far less in amount and are 
n a fine state of division, and the number of the B. coli 
is smaller 7 

Shrewsbury, with 29,000 inhabitants, and turning crude 
sewage into the Severn, causes an average pollution of 
(00 B. coli communis per cu. cm. (at the point of maxi- 
mum pollution), and this is felt 16 miles lower down. 
But if a large town like Leeds were similarly situated, 
and the sewage were purified by contact beds so as to 
contain 10,000 B. coli communis per cu. cm., the pollu- 
tion would still be about 1,000 B. coli communis per cu. 
em., and if 600 B. coli communis are felt for 16 miles, 
1,000 would be felt still further down. Consequently, in 
spite of the artificial purification, such a river would be 
in a worse condition than the Severn at Shrewsbury, 
which is admittedly bad. It follows that the purification 
thus attained would be insufficient, and that some further 
treatment would still be necessary 

Therefore a bacteriological examination of sewage efflu- 
ents is necessary so as to ascertain whether the river can 
deal effectually with the sewage of its town. 


CHEMICAL STUDIES OF THE SELF-PURI- 
FICATION OF THE RIVER SEVERN. 
These studies were made by Mr. Colin C. Frye, 
and were confined to some 30 analyses of samples 


T. T. Johnston, Consulting Engineer. 


1850 as a part of the plant of the Illinois & Michi- 
gan Canal, its purpose being to supply water to 
the canal in time of drought. The canal extends 
from Bridgeport to La Salle, on the Illinois River, 
100 miles, and was completed in 1847. The navi- 
gation upon it is now quite limited, but as it fur- 
nishes water for power purposes it is necessary 
to maintain a full water supply. In 1860, owing 
to the sewage pollution of the Chicago River, Mr. 
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ter was submitted to Mr. Thomas T. Johnsto 
Consulting Engineer, Security Building, Chicago 
who designed the electric pumping plant recently 
put in operation. 

The pumping machinery used at this station has 
been of a varied character. The first pumps used 
were of the “Dutch” or breast-wheel type, th: 
wheels being driven by steam power and having 
buckets around the rim to elevate the water. In 

1884 these were replaced 


by eight. centrifuga! 
Y pumps with a combined 
capacity of 60,000 cu. ft. 


per minute, or a little mor: 
than the maximum flow 
of the canal. In_ 1898 
these in turn were re- 


placed with a pair of 
— Courtright undulating 
issue of July 27, 1893. In 
Wiz the same year, however, 
one of these pumps was 
| entering it, and both wer 
| then removed and the oli 
Water Line -2.0 back. These latter 
ie the pumping station was 
§ — by the city 
45 est of the efficiency of 
ENs £/.-8.0 plant was described in our 
News 


FIG. 2. CROSS-SECTION OF ELECTRIC P 


E. S. Chesbrough, then City Engineer, recom- 
mended that the city should pay the State Canal 
Commissioners to pump enough water from the 
river to maintain it in comparatively inoffensive 
condition. This was done for some years, but 
in 1871 the summit level of the canal was deep- 
ened and the pumping station was abandoned. 
About 1877, however, the city rebuilt the station 
in order to create a current westward in the south 
branch of the river and to discharge the sewage 
laden water into the canal. The effects were not 


EL-9.0_ 
UMPING PLANT. 


issue of Dec, 2, 1897. 

The present plant con 
sists of five retary im 
peller pumps, built by the Connersville Blowe: 
Co., of Connersville, Ind., and placed in a ro 
in the old pump pit, as shown in Fig. 1. Each 
pump is belted to a pulley on a shaft running 
along the wall of the building, and at each end 
of this shaft is a main pulley belted to a 300-HP 
motor built by the General Electric Co. The sha! 
is fitted with friction clutches on either side 
the middle pump, so that two, three, four or fiv’ 
pumps can be driven as required. he suction 
lift is about 2 ft. to 4 ft., and the total lift from 
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- to canal about 6 to 8 ft. In consequence of 
nt natural head of water above the pump 
scharge is through a siphon which main- 
net head equal to the difference between 
and tail water levels, This arrangement 
' n by the section, Fig. 2. 
inlet and discharge openings are 6 x 8 ft., 
.e vertical dimension of the siphon is 36 ins. 
" enings in the pump casing are 2 ft. 8 ins. » 
gf The impellers are 8 ft. long, with a maxi- 
jiameter of 4 ft., and a pitch diameter of 
‘ec. to ec, of shafts). The pumps run at 
66% revolutions per minute, and have a 
veity of 100° cu. ft. per revolution, er a 
maxil ‘um capacity of 33,250 cu. ft. per minute 
for the entire plant. This is equivalent to a 
maximum load of 500 HP. The velocity is 2.3 to 
24 cu. ft. per second at the inlet, and higher than 
this in the siphon. An elevation and section of 
ne of the pumps are given in Fig. 3, and a special 
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been appointed President of the Congress of Arts and 
Sciences, with Prof. Hugo Muensterberg, of Harvard Uni- 
versity, and Prof. Albion W. Small, of Chicago University, 
us Vice-Presidents. This Congress is to convene Sept. 19, 
14, and leading scholars from the whole world will 
be invited to discuss every theoretical and _ practical 
science, to trace the development of science in the last 


century and to state present open problems. All the pro- 
ceedings are to be published at the expense of the Expo 
sition. This is the first attempt of any international ex- 


position to hold a series of related congresses all tending 
towards the development of one central idea; and it is the 
first time that a definite sum has been set aside to pay 
the traveling expenses of every one submitting a paper in 
response to an invitation to contribute a definite piece of 
work to the uniform plan. 


NOTES FROM THE ENGINEERING SCHOOLS. 
UNIVERSITY OF MICHIGAN.—At present the 
engineering department is making more rapid 
gains, as regards students, than any other depart- 
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FIG. 3. ROTARY OR IMPELLER PUMP FOR THE BRIDGEPORT PUMPING STATION, CHICAGO. 


Connersville Blower Co. 


feature of the design is the arrangement of an- 
nular air chambers above and below the pump 
chamber. The contracts for the plant were 
awarded in Dec., 1901, and the plant was installed 
by April, 1902. As the construction of the trans- 
mission line from Joliet was delayed by litigation, 
however, a temporary steam plant was installed 
in one of the old boiler houses, and belted to the 
shaft. The pumps were thus driven during the 
summer, but on Dec. $1, 1902, *the electric plant 
was put in operation. 

The plant is operated by electricity generated 
at the water power plant of the Economy Light & 
Power Co., at Joliet, Ill., 34 miles distant. A high- 
tension alternating current of 30,000 volts is 
brought to the station by a long distance trans- 
mission line, and then stepped down by trans- 
formers to a 2,300-volt alternating current, which 
is delivered to the induction motors. This is said 
to be the first time such a combination of motors 
and transmission system has been employed for 
driving impeller pumps, and it is suggested that 
the arrangement is well adapted for irrigation 
pumping plants. It is also uggested that this 
plant is an example of what the city of Chicago 
might effect by utilizing the water power of the 
Drainage Canal to generate electric current to be 
transmitted to the city and used in the city pump- 
ing stations and for other purposes. 

The cost of operating the plant is estimated at 
$18,000 per annum, but the Canal Commissioners 
receive $10,000 per annum for water power thus 
supplied, so that the net ccst will be only about 
$8,000 per annum. Formerly, when using steam 


pumps, the cost was from $45,000 to $125,000 per 
year. 


AN INTERNATIONAL CONGRESS of arts and sciences 
is to be held in connection with the Louisiana Purchase 
Exposition, at St. Louis. The Administrative Board has 
appropriated $200,000 for the Department of Congresses, 
and Prof. Simon Newcomb, of Washington, D. C., has 


, Connersville, Ind., Builders. 


ment of the University. The number of persons 
studying engineering this year is about 600, which 
is over 100 more than the number enrolled last 
year, and is nearly 250 more than two years ago. 

Since 1898 the number of persons studying engi- 
neering has been increasing, as will be seen by 
the following figures: 


College Number of 
ar. Eng. Students 
1901-1902... ..... ews 489 


RENSSELAER POLYTECHNIC INSTITUTE. 
—Dr. William L. Robb has been appointed Pro- 
fessor of Electrical Engineering, and has taken 
charge of the Electrical Department with two 
capable assistants. 

The Chemical Laboratory and the Proudfit Me- 
morial Building, which were recently. partially de- 
stroyed by fire, are being rebuilt. Both will be 
greatly improved. The chemical laboratories will 
be contained in two adjacent and connected 
buildings. These buildings contain ten rooms and 
include a large lecture room equipped with faclili- 
ties for lectures on general chemistry, two large 
main laboratories for quantitative and qualitative 
analysis, one small laboratory for special work, a 
laboratory containing the necessary furnaces and 
muffies for assaying, and a special laboratory for 
the analysis of water. There is also a library con- 
taining special works on chemistry, and u recita- 
tion room. 

The Proudfit Memorial Laboratory will be 
greatly enlarged. As completed the main build- 
ing will have three stories and a basement. There 
will be 16 rooms. Thirteen of these roons will be 
used for the laboratories and lecture rooms of the 
Department vf Physics and Electricity. Wnusually 
complete sets of generators and motors with the 
necessary meters, indicators and brakes, as well 
as a large storage battery, will be installed in the 


electrical laboratory. One room will be used for 
a shop for the construction and repair of appa- 
ratus. The other three rooms in the building will 
be used as laboratories for the Department of Me 
chanics. One will contain the 100,000-lb. and 
300,000-Ib. testing machines driven by an electric 
motor as well as a wire-testing machine and one 
of 50,000 Ibs. capacity for testing long columns 
Another room will be completely equipped as a 
modern cement testing laboratory. The third will 
contain a rattler for testing paving bricks 
Adjacent to this building will be the boiler house 
containing two 75-HP. Rabcock & Wilcox boflers 
one with a superheater for experimental tests 
This building will also contain a steam turbine. 


A CONCRETE-STEEL PILE FOUNDATION. 


Piles made of reinforced concrete have been 
used before this, both built in place and driven; 
they are a new style of construction, however, 
and very few engineers know much, or even any- 
thing, about them. A brief note of a recent case 
where they were employed may be of Interest 

A courthouse was to be constructed near the city 
of Berlin, Germany, and it was found necessary 
to resort to piling to get a suitable foundation 
However, the ground-water level In that vicinity 
had shown great fluctuations in recent years, and 
it was thought possible that it might in the future 
fall below the top of the foundation: wooden piles 
were out of the question, therefore. It was finally 
concluded to use piles made of concrete reinforced 
with steel. 

The form of pile adopted is shown in the ac- 
companying cut, taken from the ‘“‘Centralblatt der 
Bauverwaltung”’: the piles are triangular In sec- 
tion, following a triangular arrangement of the 
reinforcement steel. This latter comprises mainly 
three rods longitudinal to the pile: those rods are 
round, 1 in. in diameter, and are tied together by 
%-in. wire ties set at intervals of about 8 ins. 
At the bottom end of the pile the three rods con 
verge to a point and are welded together. The 
concrete used is made of high-grade Portland 
cement and clean river gravel, in the proportion 
1 to 8. 

The method of constructing the piles was as 
foliows: The molds or forms were set up vertically 
and the concrete placed into them in 8-in. layers 
The concrete was mixed very carefully, in ma- 
chine mixers, a minimum amount of water heing 
used. Of the three sides of the mold, two sides 
were set up in full height, with the three 1-in. re- 
inforcing rods in place, and the third side was 
built up as the ramming-up of the pile pro- 
gressed. Fach 8-in. layer of concrete was rammed 
down as hard as could be Jone with hand ram- 
ming; then the surface was roughened with a 
trowel, a set of spacing ties put on the reinforcing 
rods and a further layer of concrete put In. Piles 
were built in this way in lengths varying from 
16 to 26 ft., as required. When molded complete. 
the pile was left to set for about a day, without 
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Cross-Section of Concrete-Steel Pile. 


water, and was then kept in the form for a week 
longer with continual sprinkling. By that time 
the concrete had hardened sufficiently to allow the 
piles to be lifted vertically out of the forms and 
set away in vertical position for another period of 
a week or more, during which time they were kept 
constantly wet. After this they could be re- 
moved for transportation or storage. 

The piles. were driven by steam-hammers 
weighing as much as 5,000 lbs., with a fall of 
about 5 ft. The head of the pile was protected 
from damage in driving by a cushion cap made 
of alternate layers of iron plate, wood and lead, 
which was clamped to the pilehead. This cap 
also served to guide the pile in the leads. 
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There have been repeated reports that the Great 
Northern Ry. was to adopt electric traction for 
the movement of trains through its Cascade tun- 
r¢él; and we trust that the recent accident in the 
tunnel, in which a passenger train became stalled 
and a large proportion of those on board were ren- 
dered unconscious by gas, will have the effect of 
inducing the management to take prompt action 
in the matter 

loengineering News, as its readers know, has 
maintained a very conservative position respect- 
in,y the application of electricity to steam rail- 
Ways; and has also advised the use of fans for 
tunnel ventilation where circumstances favor such 
a system. But for such long railway tunnels as the 
Cascade tunnel or the St. Clair tunnel, where the 
conditions prevent the use of ventilating shafts, 
and particularly where steep grades make neces- 
sary the use of large amounts of power in hauling 
trains, there can be no question that a change 
to electric locomotives is the only prudent course 
to adopt From the accounts which reach us of 
the conditions on the stalled train, the railway 
company narrowly escaped having to pay dam- 
ages for loss of life which might easily have 
amounted to more than the entire cost of equip- 
ping the tunnel for electric operation. 


New York city wants a railway commission all 
its own to look after its street railway companies 
and keep them “up to the scratch,”’ and a bill has 
been sent to the legislature for that purpose. 

We fail to see any wisdom or benefit in 
such legislation. There is reason in giving a city 
authority to deal with its own franchise-holding 
companies, so that it may hold such companies to 
proper observance of franchise requirements. But 
when a city has given away franchises for noth- 
ing, without restrictions, as New York and hun- 


dreds of other American cities have done, only 
the power of the State can intervene to compel 
the observance of public obligations by these pub- 
lic service corporations. If this power is dele- 
gated by the legislature to a commission, it may 
as well be the existing State Railroad Commission 
as a new body of men. In fact this is the proper 
work of the State Railroad Commission and there 
is no more reason for establishing an independent 
local commission to do the work in New York 
than there would be in Buffalo or Albany. 

It may be said in addition that a State organiza- 
tion handling matters of this sort obtains as a 
rule a broader view than any local body is apt to 
have and is freer from local prejudices and par- 
tisan influences than any local body is apt to be. 


> 


The paper on the premium plan of paying for 
labor by Mr. Richards in this issue is worth the 
careful study of every reader who has to do with 
the management of men. It is well known that 
the premium system and the bonus system have 
met strong opposition on the part of the work- 
men in many cases; but so far as we recall, nc 
criticism of these systems has hitherto appeared 
in engineering literature. Mr. Richards takes up 
the subject from the workman’s standpoint and 
shows some of the reasons why the workman op- 
poses these systems. 

There is no doubt that in the present state of in- 
dustry one of the largest factors in the success or 
failure of any enterprise is the management of 
the working force. How can the men be induced 
on the one hand to render such faithful and dili- 
gent service as will enable the business to be car- 
ried on at a profit, and on the other hand, how 
can they at the same time be made so well satis- 
fied with their wages and conditions of labor that 
strikes and labor difficulties of all sorts may be 
avoided? This is the problem over which man- 
agers and superintendents are everywhere puz- 
zling. It must be evident that the first necessity 
for a solution of the problem is to get at the 
workman's point of view. Any system adopted 
without regard to this may prove a disappointing 
failure. It is because Mr. Richards presents the 
workman’s side of this question that his paper is 
calculated to be useful to those in executive 
positions. 
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As stated in one of our recent issues, the Mu- 
nicipal Explosives Commission of New York city 
has refused to personally investigate the merits 
of any of the safety explosives. The commission 
has taken the ground that it is not within its 
province to discriminate against any particular 
kind of explosive, although, as we have pointed 
out, it has actually discriminated between dif- 
ferent explosives by excluding from use liquid 
nitroglycerin and  high-percentage dynamites. 
We commend the commission for this latter 
action, but we believe that it has not gone half 
far enough. 

The New York Herald of Feb. 5 had the follow- 
ing relative to this matter: 


The safety explosives manufacturers say that while they 
are able to dispose of their explosive outside of this city, 
here they are unable to introduce their wares on account 
of the arrangements that are in force between contractors, 
especially on the rapid transit subway work, and the 
“Dynamite Trust.’’ J. Amory Haskell, president of the 
Laflin & Rand Powder Co., and member of the Municipal 
Explosives Commission, yesterday denied both of the alle- 
gations. 

The members of the Municipal Explosives Commission are 
Fire Commissioner Thomas Sturgis, William J. Charlton, 
George O. Eaton, J. Amory Haskell, Charles F. McKenna, 
Ph. D., and John F. Cunningham, secretary. 

J. Amory Haskell, when seen at his office, No. 99 Cedar 
St., yesterday, said: 

This matter is going before the Mayor, and I do not see 
the necessity of saying anything. What the Explosives 
Manufacturing Co., of Elmira, wants is a special dispen- 
sation. But then, they have not demonstrated that their 
wares will not explode, and especially if one of their 
cartridges with a cap attached should be placed in a 
magazine where there were others of their cartridges. 
Their goods are not used in this city. 

There are some contracts in the subway work that may 
restrict the contractors to the use of certain explosives, 
but there is no general government of contractors that I 
know of. No: there is no discrimination on the part of 
the commission, and no dispensation can be given until 
the so-called safety explosive manufacturers demonstrate 
that their goods are as represented. 

Mr. Haskell’s statement that “no dispensation 


can be given until the so-called safety explosive 


manufacturers demonstrate that their goods 
as represented” seems worth a little comm-; 

We fail to see how the manufacturers of s.; 
powders are ever going to make the “demons: 
tion” required so long as the commission re: 
to subject any of the safety powders ty 
At the public hearing of the commission, at | 
two of these manufacturers of safety explos 
urged the commission to test their powders 
the commission, in the person of its chair; 
shook its head, and replied: “Time alone 
prove the merits of your claims.” 

Now, the picric powders have been in use |; 
the United States for some eight years and for - 
much longer time in Germany and France. |; 
a pertinent question, therefore, how long a tin. 
the Commission considers will be necessary to «< 
tablish the claims made for the picric powder: 

A year or more ago, just after the dynamit- 
explosion in the New York subway, the public was 
clamorous for the adoption of all sorts of meas- 
ures to prevent accidents from explosives in the 
city. One prominent New York journal urged 
that explosives ought to be discarded altogether jn 
the tunnel construction and advised that the work 
be prosecuted by breaking the rock with alternate 
applications of liquid air and hot water, if w: 
rightly remember. The Municipal Explosives 
Commission was in fact created in answer to the 
outburst of public criticism following that explo- 
sion; but we fear it will take another great ex- 
plosion and loss of life to cause that body to take 
the radical action which the situation demands 

It is absurd to say that dynamite is safe when 
reports of fatal accidents in its use are published 
almost every day. If its use were a necessity, the 
danger would have to be endured; but when saf: 
substitutes are offered, the municipal explosives 
commission of New York city shirks its plain 
duty when it fails to subject them to tests. 
AUTOMATIC STOP ADJUNCTS TO THE BLOCK SIGNAL 

SYSTEM. 


The recent epidemic of serious railway collisions 
and particularly the Westfield disaster, occurring 
on a road equipped with a first-class block signal 
system, has turned public attention to devices for 
preventing collisions. The newspapers are ful! 
just now of the work of inventors in this field, 
coupled with lamentations of the editors that the 
railway managers should be so hard of heart and 
so regardless of the safety of the traveling public 
as to turn a cold shoulder to these inventors. 

So’much matter of this sort is finding publicity 
in the daily press that it may be proper for us to 
state the real attitude of railway officials toward 
inventions of this class. We venture to say 
that the operating officers of railway companies 
appreciate to the full their responsibilities for the 
safe carriage of passengers. It is because they 
do feel this responsibility that the inventors of 
these alleged safety devices find it hard to get 
their devices adopted. The typical inventor of 
this class is densely ignorant of practical railway 
operation. Signal engineering, particularly, which 
has come to be, as most of our readers know, 4 
highly developed specialty, is a sealed book to 
them. To expect a man of this type to develop 
a revolutionary improvement in signaling devices 
is absurd; and railway officers cannot be rea- 
sonably expected to take valuable time even to 
study out the weak points of the complicated con- 
traptions brought to them by such inventors. 

It is easy enough to invent a device which to 
the man unfamiliar with practical signaling ap- 
pears to be a valuable improvement; but the point 
on which the railway superintendent and signal 
engineer must satisfy themselves is whether the 
inventor in combating one danger has not intro- 
duced nine worse ones. 

For illustration, the newspapers have had some- 
thing to say recently of a wonderful new inven- 
tion, by which the engineer in his cab is placed in 
constant telephone communication with the en- 
gineers of other trains in front of and behind 
him, and can keep himself at all times informed 
as to their location. This may seem at first sight 
to the layman like an ideal scheme for securing 
safety from collision; but a little thought shows 
at once the great dangers it would introduce. The 
difficulties and delays and uncertainties that oc- 
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casionally occur in telephone conversations are 
Imagine the result of such diffi- 


jliar to all. 
= A train is 


.nd delays in train service. 


ais toward another at a speed of a mile a 
minute, and the engineer of a train which has 
stopped just as the train stopped on the Jersey 
Central the other day—tries to telephone to the 
engineer of the train coming up behind. A slight 
imperfection in the connections prevents the tele- 
phone from operating, and the collision results. 
We might refer to the difficulty of using a tele- 
phone with the noise of the locomotive in one’s 
ears, to the accidents that would occur from 
an engineer talking to one train and supposing 


he was talking with another, or from the misun- 
derstanding of messages, or to a dozen other prob- 
able chances of error. It is not necessary, how- 
ever, to go into detail. There is not the smallest 
chance that such a system could come into prac- 
tical use; and we only bring it forward as an ex- 
cellent illustration of the thousand and one “safe- 
ty’ devices for railway operation which contain 
more danger by far than our present system. 

Two weeks ago, in discussing the Jersey Central 
accident and collisions under the block system, we 
showed that English railways using the block 
system have succeeded in almost absolutely pre- 
venting collisions. As we stated then, English 
engine-runners obey their signals with unvarying 
fidelity; whereas American engine-runners have 
shown a frequent disregard of signals that is very 
difficult to explain. 

We believe, as we stated two weeks ago, that 
with the more extensive use of the block system 
and the more thorough discipline of those run- 
ning under it this disregard of signals will disap- 
pear. 

It is true, nevertheless, that a certain tendency 
exists to look with favor on automatic adjuncts 
to the block signal. <A large proportion of the 
Liceck signal systems in use in this country are 
of the automatic type; and with such signals the 
managing officers have no’ means of knowing 
when an engineer runs past block signals at dan- 
ger unless his disobedience results in an accident. 

This is one reason, perhaps, why American rail- 
way officers are likely to regard some automatic 
adjunct to the signal with more favor than it has 
met abroad. 

A good illustration of the trend of opinion to- 
ward the automatic stop idea is furnished by the 
report of the engineer of the Illinois Railroad 
Commission, an extract from which is printed on 
another page of this issue. We find in this same 
report some interesting figures on derailments at 
interlocked grade crossings of railways in the 
State of Illinois during the past year which are 
worth reprinting as showing the astonishing num- 
ber of cases where engine runners have disobeyed 
signals set against them. The table is as follows: 

Number of 

cases where 

trains were 

derailed. 
138 


trains, or throwing switch under moving trains. 11 


Defective interlocking functions (including defects 
caused by snow, ice, etc.) ............ 7 
Cars rolling out on main track (due to action of 
wind, etc.) and parting of trains due to col- 
2 
Defective track or rolling stock ................ 27 
Total derailments at interlocking plants.... 197 


We can hardly wonder, in the light of the above 
record, that the Commission’s engineer favors the 
use of an automatic stop with block signals; and 
this brings us to the question, which we are sure 
not a few railway superintendents and signal en- 
gineers are seriously considering, whether an au- 
tomatic stop can be devised which will be a prac- 
ticable and efficient safeguard against accidents 
due to engineers running past danger signals. 

The general form which such an automatic de- 
vice should take is pretty well settled. It should 
operate by applying the brakes and preferably 
also by closing the throttle. Numerous devices 
to accomplish this have been invented and some 
of them have been applied to a limited extent in 
practice, There is no reason apparent why such 
a device might not be made thoroughly effective 
and reliable. The first difficult question is, where 
should such a device be placed? The inventor 


usually plans to place it at the home signal: for- 
getting that the train mustebe stopped before it 
passes the home signal and that in order to do 
this the brakes must be applied a long distance 
back, if the train is running at high speed. It is 
particularly for the protection of the fastest 
trains that such a system must be planned 

To ensure that fast express trains shall be 
stopped before reaching the home signal, it will 
be necessary to place the automatic brake apply- 
ing apparatus nearly or quite as far back as the 
distant signal, or from 1,500 to 2,000 ft. or even 
farther away. When we do this, however, we at 
once run into mechanical difficulties in the opera- 
ation of the apparatus from the home signal. 
Signal engineers well know how the difficulties of 
operating distant signals by long lines of wire or 
pipe increase as they are placed farther from the 
home signal. The objection is even raised to the 
use of the distant signal that there is a 
that through failure of the connections it may 
fail to indicate “caution” when the home signa! 
stands at danger. Should this occur, the engi- 
neer in thick weather would proceed at full speed 
expecting to find the home signal at safety and a 
serious accident might result, if the track were 
obstructed just beyond the home signal. 

The same reasoning, it is clear, applies with 
even more force to an automatic stop apparatus 
It must absolutely and certainly operate in unison 
with the home signal or it may prove a source of 
danger instead of safety. Some method of opera 
tion from the signal tower other than the ordin 
ary pipe or wire connection would probably be 
necessary, such as a hydraulic or pneumatic con- 
nection. 

We have said above that the apparatus should 
operate to apply the brakes, and this means un- 
questionably, for reasons that we will not take 
space to give in detail, the emergency application 
Here, however, the inventor encounters another 
snag. Since the apparatus is supposed to be lo- 
cated back nearly or quite as far as the distant 
signal, it will be impossible for the train to stop 


chance 


before reaching it; thus trains will be running 
over the apparatus and having the emergency 
brake thrown on with consequent’ shocks. 


every time a train reaches a distant signal set at 
caution. It need hardly be said that this is wholly 
inadmissible. The automatic stop should only 
act when the engineer fails of his duty and when 
there is danger which justifies the use of the 
emergency brake with the consequent shocks. 

It might be possible of course to so arrange the 
apparatus on the engine that it would only be 
operated by the track instrument of the auto- 
matic stop provided the service brake were not 
already in operation or provided the speed had not 
already been reduced to a certain limit. To the 
practical mind, however, such devices suggest too 
much of complication and leave too many loop- 
holes open for failure. The conclusion must be, we 
think, that if the automatic stop is set say 1,500 
ft. back of the home signal, then a distant signal 
must be placed nearly or quite as much beyond 
the automatic stop, thus making in effect three 
successive signals at the entrance of each block. 
The complication and expense which this would 
involve will be at once objected to; but the discus- 
sion has at least shown us a way out of the dif- 
ficulty. This is to place the safety stop at the 
home signal and extend the protection of the 
home signal to a space of say 1,500 ft. or so in 
front of it, sufficient length for a train to be 
stopped in after passing the home signal. The 
block signaling rules of some railways now re- 
quire a towerman not to report a train as passing 
out of the block until its rear is from 300 to 900 
ft. past the home signal. If this space were in- 
creased to say 1,500 ft., the automatic stop could 
be placed at the home signal and made to oper- 
ate on every train running past the home signal 
when at danger. 

Of course there are some objections even to 
this. In many conditions of the weather, for ex- 
ample, a towerman cannot see when a train 
passes a mark 1,500 ft. away—or even 900 ft. 
for that matter. We imagine that the rule is one 
which would be very hard to compel observance. 
With track circuits, however, this difficulty would 
vanish, and so far as we can see it offers the best 


possible solution of the 
matic stops 

Finally, a common fault of the inventors of au- 
tomatic stop devices is the attempt tO make thei: 
apparatus the thing and dispense entirely 
with fixed signals or make them play a subordi- 
nate part. We hold this to be a serious mistake. 
Generations of experience developed a sys- 
the roadside as the safest 
the movement of 
safety to transfer 


problem of locating auto- 


whole 


have 
tem of fixed signals by 
known system for governing 
trains. It will not make for 
the duties of 
ism for that 
fail 
cardinal 


mechan- 
necessarily complicated, 
moment The 
of signaling that any failure of the 
apparatus shall give the 


the engineer to automatic 
mechanism 
may to operate at a critical 
rule 


danger signal cannot be 


applied to automatic stop systems. The proper 
function of an automatic stop is as a safeguard 
against the mistakes or inattention or sudden 


illness of the engine-runner, and a record of his 


failures that will spur him to more perfect vigi- 
lance. 
A valued contemporary in opposing the use of 


automatic stops said recently: 


All machines thus far devised are liable to omit to give 
notice of the failure of some of their parts; and as their 


failure to act equivalent to a go-ahead signal, a false 
indication may be given With automatic stops it is 
harder to enforce human vigilance, for the runners will 
naturally depend on the machine 


This criticism would apply to 
which made the 
governing movements. It 


an automatic stop 
main reliance for 

would not apply 
to such a system as we have outlined above, in- 


system was 


train 


tended only to operate in an emergency when the 
indications of the block signal are 
Since the above 


disregarded. 
was the coroner's ver- 
dict on the Westfield collision has reached us and 


it will be seen from the abstract published on an- 


written 


other page that one of its recommendations is the 
use of automatic stops in conjunctior with block 
signals. This furnishes another evidence of the 
tendency of public opinion in this direction. We 
trust the above discussion may be of some service 
as showing on the one hand the difficulties in the 
way of the adoption of current inventions of this 
type by the railway companies, and on the other 
hand some of the lines on which any such inven- 
tion must operate if it is to be a real safeguard 
in the movement of trains. 


LETTERS TO THE EDITOR. 


The Effect of Manure on Concrete. 


Sir: Concerning the effect of manure on concrete [I sub 
mit the following: In the winter of 1901-2 I was working 
as inspector on the construction of concrete bridge abut- 
ments in the Wasatch Mountains, Utah. On one job the 
contractor secured a lot of rather strawy stable manure, 
and each evening the concrete deposited during the day 
was sparsely covered with boards, which were, in turn, 
covered with 18 to 24 ins. of manure. When the abut- 
ments were partly built, work was suspended for several 
weeks, during which time there was a heavy fall of snow 
and alternate freezing and thawing. When work was re- 
sumed I examined the concrete carefully with a view to 
finding the effects of frost. The surface of the work was 
discolored, but the material was in first-class condition. 

Respectfully, John Algie. 

Lawrence, Kansas, Feb. 5, 1903 

{It will be noted that in this case there was no 
rain, and moisture seems an essential condition to 
the leaching of the acids in the manure which at- 
tack the concrete where cases of disintegration oc- 
cur. It will also be noted that this manure was 
largely straw, and that boards intervened between 
it and the concrete. All conditions were therefore 
favorable to protection of the concrete without in- 
jurious action of the manure.—Ed.] 


The Failure and Repair of the Bottom of a Wood-Stave 
Tank. 


Sir: The numerous failures of wood stave water tanks, 
which appear so often in your columns, lead the writer to 
think that a similar failure he has experienced, and the 
method of repairing the same, might be of interest to 
your readers. 

The tank in question was of cedar, 26 ft. in diameter, 14 
ft. deep, and was used to store boiler feed water, which 
was about 150° F. temperature most of the time. 

Without warning two of the planks forming the bottom 
gave away and allowed the tank to empty itself in a few 
seconds, almost scalding a number of workmen in the 
immediate vicinity. The staves forming the sides re- 


Towerman taking signals from 
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mained standing intact. From an inspection after the 
accident it was decided that a small leak in the bottom of 
the tank had washed away the supporting sand at this 
point, and that the boards, spanning the washed-out space, 
broke under the weight of the column of water above, and 
were carried out from beneath the tank by the rush of 
water which followed 

To make the bottom tight again, and to avoid a repeti- 
tion of the accident, the broken boards were replaced and 
a splice block nailed over the breaks. Six inches of con- 
crete, with 3-in. mesh expanded metal 1 in. from the 
bottom, was put into the tank and allowed to set for sev- 
eral days A coke fire was now burned inside the tank 
for three or four days to dry out the concrete and also the 
wooden staves. The joint between the sides of the tank 
and the concrete bottom, and the bottom of the tank itself, 
were thoroughly coated with ‘‘Cerion’’ paint. The hoops 
were driven down tight and the tank was allowed to stand 
until the paint was dry, when it was filled with water 
and found to be perfectly tight, and has remained so 
ever since 

A bottom of this description is easily put in and makes 
a superior one to that of the original, as it will not only 
beam across any low or soft spots In its bed, but will also 
distribute the load more readily. 

Yours truly, John Lathrop Gray. 
East 22d St., Bayonne, N. J., Feb. 9, 1908 


(In original construction most engineers would 
prefer to place the concrete, with its thickness 
multiplied a number of times, beneath the wood 
bottom of the tank. It may be added that most 
of the recent wood tanks that have failed have 
been elevated structures.—Fd.) 

The Discipline of Locomotive Runners in the Observance 
Signals. 

Sir: Your editorial in your issue of Feb. 5, on ‘‘Some 
Lessons of Recent Collisions’’ has been perused with In- 
terest and its conclusions are fully endorsed by the writer 

Your condemnation of a road’s permitting its engine- 
runners to ignore the signals of a block system is timely 
and good. It recalls a similar incident that came under 
the writer's observation a few months ago on a suburban 
electric railway in this vicinity. No attention being paid 
to a red-light signal at a turnout, inquiry was made in 
regard to the reason for ignoring it, and the reply made 
that it was out of order and instructions had been given 
to disregard it. 

To the average layman it would appear much more sen- 
sible to dispense with the signal entirely until it could be 
put in order than to inculcate in the slightest degree dis- 
respect for a danger signal whose warnings should never 
be disregarded. Very truly yours, 

John C. Chase 

Derry, N. H., Feb. 9, 1908. 


Block Signals on the Philadelphia & Reading R. R., and 
Why Engineer Davis Failed to Obey Them. 

Sir: In your editorial in reference to the recent wreck 
on the Central R. R. of New Jersey, near Plainfield, you 
note that the engineer may have been confused by travel- 
ing over part of the line without signals. I would inform 
you that the Reading system has had ‘“‘Hall’’ signals in 
operation from Philadelphia to Bound Brook for about 2% 
years, and on a part of the distance for about eight years 
Engineer Davis, whom I knew as an employee when I 
was an assistant trainmaster on the Reading system, was 
perfectly familiar with signals of both types (the Hall 
and the Union Switch & Signal Co.'s electro-pneumatic), he 
having been an engineer running across the main running 
tracks 

The inciosed letter, published in the Philadelphia ‘‘North 
American,’’ may present some matter of interest. It is a 
fact that engineers do run by signals, for I have personal 
knowledge of this being done. 

Yours truly, 

New Jersey, Feb. 17, 1908 


(We print the following extracts from the clip- 
ping enclosed.—Ed.) 


From the time when a prospective engineer enters the 
employ of a railroad as a green fireman on the extra 
board in freight service, he has indelibly impressed on 
his mind the Jersey Central rule, and the rule of all road- 
in fact, that a red signal of any kind is an imperative 
order to stop, and to all railroad men the disregard of this 
red signal is a more serious offense than that of murder 
itself 

It is only logical to presume, certainly from a railroad 
man’s standpoint, that Mr. Davis did not see the signals 
against him. Accepting this premise, it is equally logical 
that for a few moments preceding the accident his at- 
tention was drawn from his customary close observation 
in the direction which his locomotive was moving. 

Suppesing that, while running on schedule time, which 
may have been fifty or sixty miles an hour with this 
train, a sight feed glass should burst on the lubricator. 
With the steam filling the cab and the oil pouring down 
the side of the boiler, the first impulse of the engineer 
would be to shut off the steam from the lubricator. While 
thus protecting himself from being burned, the engineer 
might employ one, two or three minutes. His attention 
thus distracted, might cause him to pass at that rate of 
speed through almost two blocks on the line 

Or, supposing that his injector, then engaged in supply- 
ing the boiler with water from the tender, should ‘“‘fly off’ 
or cease its action. In order that the boiler would not 
be scorched, it is imperatively necessary that the action of 


this instrument should be maintained, and no matter how 
closely an engineer might be watching the road ahead, 
the moment this occurred he would at once proceed to 
put the injector to working properly. This also might 
consume two or three minutes, and the steam escaping 
out of the overflow might obscure the track ahead or 
sweat the glass in the front door of the cab so that the 
line could not be seen clearly. 

These are common failures of a locomotive. They have 
occurred untold times to every engineer in service to-day. 

If this accident could be sifted to the bottom it is my 
opinion that some explanation such as above would ma- 
terialize. The first instinct of the engineer is to look 
after the safety of his train, but there is another instinct 
to protect the valuable property in the shape of the engine 
entrusted to his management, and it might be that the 
latter would momentarily prevail over his better judg- 
ment. Very truly yours, 

Robert H. Rogers. American Locomotive Co. 

Richmond, Va., Jan. 31, 1908. 

(From the engineer’s ante-mortem statement it 
appears that the engineer was at work on the 
injector trying to restart it when he passed the 
block signals at danger.—Ed.) 
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An Analytical Method of Determining Iiumination. 


Sir: In reading the interesting article on “‘The Im- 
provement of Interior Lighting”’ in your issue of Dec. 11, 
IT note your quotation from Professor Smith’s paper on 
‘‘Method of Determining the Illumination on a Surface.” 
It may be of interest here to note the analytical method 
of reaching the same results, as this method is more 
direct, easier to obtain and also more convenient to use in 
calculations. 

In Fig. 1, reproduced from a working drawing, let 
ACB represent the candle-power curve of the source 
of light drawn to any convenient scale. (The use of a 
hundredths scale is simple and easy.) The height O R = 
h of the light above the plane to be illumined and the 
distances on this plane from the foot of the perpendicular 
below the source of light, are drawn to any convenient 
scale. If we are considering the amount of illumination 
falling on a horizontal plane, we have at any point: 

(c. p.) cos (c. p.) cos* 
where @ is the angle between the ray and the perpendicu- 
lar, d the distance from the source of light to the point 
in question and (c. p.) the candle-power O C. We can 
thus obtain the values of Ip for a number of points, from 
which rhe distribution curve can be plotted, the ordinates 
being in candle-feet and the absciss@ in feet. It is most 
convenient to prepare a table as shown. If the candle- 
power curve {fs laid off with a hundredths rule, the differ- 
ent values of candle power can be obtained at once by 
simply measuring the lengths of the lines intercepted by 
the candle-power curve. The values of ¢ are obtained at 
one setting of a protractor, and the values of cos? 4 can 
easily be obtained by a table of cubes once for all. The 
work in general does not allow of greater accuracy than 
1°, but the values of cos’ @ for half degrees can be ob- 
tained by interpolation where necessary. It is thus pos- 
sible to obvain an accurate horizontal distribution curve 
in about a half hour’s work (cos* @ being already calcu- 


A person sitting at the desk would cut off the 
from 3 and 6, and if it were a roll-top des! “ae 
would throw no direct light so that only 2 ana - 
directly useful. The amount of indirect illum 
ceived in the latter case from lights 1, %. 4 
pends on the reflection from the walls, ceiling 
and cannot be calculated except in a genera! 

It is sometimes desired to light vertical su;; 
as the walls of a picture gallery. In this cas, 

(c. p.) 
y= sing coss 

where @ is the angle between the horizontal », 
the ray and the perpendicular to the wall. 
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The curves shown in Fig. 1 can easily be used for any 
value of h. Thus, if a new height h’ is used, we get + 
corresponding value of In as follows: 


, ord = d’ ——. 

h’ a’ h’ 
In our table, Fig. 1, we obtain the value of I) corre 
sponding to the value of d, which multiplied by 


h 2 
—-_| gives the value of the illumination for the sam: 
| h’ 


angle ¢. With a slide rule this transformation is very 
simple and rapid. 

I am very glad vo note the increased attention which 
is being devoted to this branch of engineering, as it 
importance, both from the points of comfort and economy 
has been much underrated. Much attention has been de- 
voted to the saving of a few per cent. in the cost of pri 
duction of light, but the utilization of the same when once 
obtained has been largely neglected, although it offers a 
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FIG. 1. WORKING DIAGRAM FOR DETERMINING HORIZONTAL DISTRIBUTION OF LIGHT FROM 
A GIVEN SOURCE. 


lated) but the chief value of the curve is to show graph- 
ically the decrease in horizontal illumination at increasing 
distances from the light. For calculation the table is more 
convenient, intermediary points being obtained by inter- 
polation. 

As the values of the illumination In are in one plane, it 
is possible to add them arithmetically. Thus in Fig. 2 a 
flat desk at B would receive light from all six lights 
shown, and if the curve and height in Fig. 1 were those 
used, we would have, assuming all lights are similar: 


From light 61 candle feet 


larger immediate field for practical economy than almost 
any other engineering problem. 
Very truly yours, Van Rensselaer Lansingh 
18 E. Adams St., Chicago, Jan. 10, 1903. 


The Difficulties of Transition from the Present System to 
the Metric System. 

Sir: Mr. Corthell’s statement as to the utility of ‘he 
metric system should be conclusive and end the cou- 
troversy. I wish only to take up Mr. Trautwine’s sus- 
gestion as to the difficulty of transition experienced by 
users. When I entered practical work 40 years ag0 in 
South Germany, I found the engineers using the foot 4'- 
vided decimally into inches, lines and points, while the 
balance of business people subdivided the same foo! Juo- 
decimally, names being the same, so that you had to mint 
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norher decimal, or duodecimal inch, line or point was As to the factor 5,280 entering into stake marking, rected by the man who expressed himself in meters, etc., 
etn ,ecumulations were more erratic yet, for we had either on surveys or construction, | never heard of it on although he might have been without shoes on his feet 
_ © ft. and the klafter of 6 ft. The unit in mining up-to-date railroads. Its use is entirely superfluous It cannot be denied that much confusion exists, par 
nam the Lachter of 8 ft. Of cubical units we had Yet, with the 20m. station, kilometers are found by divid- ticularly in the hardware and similar trades, because the 
the | Klafter 126 cu. ft. and engineers on railway ing by 500. manufacturers of the United States sell their wares, made 
ae a4 a perch of 25 cu. ft. Curvature in railway Every‘engineer desires the decimal system, but not nec by the feet system, to the Mexican merchants, and there 
é expressed by x feet radius. Two different pounds essarily the metric decimal. The foot decimal meets all fore it is necessary to buy so many meters of 1%-in. round 
guarded against; and to compute the weight of the requirements of railroad work as well as other works iron or so many kilos. of 2-in. nails; but for most other 
es we had to remember the weight of water in of the civil engineer, and for the same number of decimal ommodities the metric system is used. The women buy 
14 of pound. places, gives much more accurate results “Oo many meters of dress goods, so many liters of milk, so 


»me years I had to work with another kind of 
i of foot, and had to run my curves per degrees 


“ubtended by a chord of 10 Klafters (a different length 
of the Klafter than I had known before). Then the metric 
ia was substituted for everything we had known. 
Finally | came to the United States and entirely different 
units, subdivisions, ete., confronted me. My experience, 


therefore, should enable me to judge the difficulties to be 
overcome in such a change and my experience has been 
that an engineer—and apparently everybody else—will find 
little difficulty in dropping one system and in working in 
another. The difficulties only begin where you have to 
work two systems together, or more clearly stated, where 
you have to convert one system into another, as in cases 
ejted by Mr. Corthell. To a person knowing no other 
eystem of numerals than the dekadik, the metric system 
should offer nd trouble at all. 

The defenders of a ‘“‘bisecting”’ system are right, and no 
less a savant than Gauss recommended the adoption of the 
binal (or Chinese) system of numerals. Foolish arguments 
are excusable, too. A German professor of quite a scien- 
tific reputation argued for the retention of the duodecimal 
system, giving as prime reason the fact (7) that Jesus 
had twelve apostles. There can be no question that the 
duodecimal system would offer more advantages as to 
subdivision, but these advantages can only be realized by 
the use of the duodecimal system of numerals, and the 
question is, which it would be easter to introduce, the 
metric system of measures and weights or the dodekadik 
system of numerals. 

The introduction of the metric system, as far as I can 
see. is only for the purpose of facilitating our scientific 
and commercial intercourse with the largest part of the 
commercial population on the globe. It is a money ques- 
tion pure and simple. I think that these interests will 
prevail no matter what some engineers, conservatives or 
jingos, may say or think. because the dollar is a very 
heavy argument. Personally, I may state, I find it imma- 
terial in what system I work. And, as a matter of fact, 
there is no time lost to work in decimals of one foot and 
give directions to the mechanic in common fractions, if 
you have a mind, but there is plenty of grief ahead for 
you if you have to estimate and dimension work in one 
system after plans made in another system of measures 
and weights But then, one of the prime principles in 
physics is that it takes a certain power to overcome the 
inertia of bodies, and this power already exists in our 
political and commercial world-power policy. 


B. Schreiner. 
Des Moines, Ia., Feb. 9, 1902 
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The Metric System on Railway Construction Work in 
Mexico. 

Sir: I have seen boomerangs thrown that described two 
cireuits and ultimately hit the object aimed at. 

“Tt is a condition and not a theory,’’ described in my 
letter published in your issue of Jan. 15, which obtains 
in Mexico relative to the use of the metric system in 
railway work. 

The condition is that the 20m. station, and the stake 
numbering is used as I described them. and not that 
“which may be simplified(?) by using 10-meter stations 
with two stations per chain.’” Taking cross-sections at 
the stations would necessarily double the work. and the 
benefit of the factor 20 in the calculation would then be 
lost. 

Cubic contents, by method of end areas in 20m. stations, 
are obtained by adding end areas and moving the decimal 
point one place to the right, not as Mr. Miles says (Eng. 
News, Feb. 5) to the left. 

The same simplicity of calculation is true of the Ameri- 
can method, for cubie feet, when the cross-sections are 
taken 20 ft. apart. with this added advantage that when 
the ground is rough enough to permit of taking pris- 
moids of 20 ft. length, the foot system is simplified and 
the metric is complicated. In short, the metric system 
has no advantage whatever in figuring quantities of plus 
stations, 

This feature of simplicity in the calculation of quanti- 
Nes with a length of 20 ft. is not peculiar to the metric 
system but is due to the coincidence of the length of the 
station finally adopted. 

Before the metric system was made compulsory in rail- 
road work, engineers of the different nationalities used 
the system in vogue in their own counrties. The Ameri- 
cans used the 100-ft. station,and when the metric system was 
made compulsory, they tried and did use, for a while the 30m. 
Station, but adopted the 20m. station, not because it was 
the most economical length, but because of the simplicity 
occasioned by the use of the factor 20 in earthwork calcu- 
lations, as a partial recompense for the 33% loss of time 
ind increase of labor in the field, caused by the use of a 
station 20m. long (66 ft. approximately) instead of 100 ft. 


The United States and Great Britain, who, together, 
manufacture more; control more population, and have 
built more miles of railroad, with al! that it implies, than 
all the metric-using countries, and who, as the statesmen 
of to-day predict, will dominate the world, are certainly 
able, and ought to build upon the foot and pound, with 
Latin nomenclature if desired, a decimal system of meas- 
ures and weights, that would not materially disturb those 
that are, for them ‘‘irrevocably tied to the past.’ 

And this, too, can be accomplished without reference to 
“wigs,’’ ‘‘oysters,’’ ‘‘ruts,"’ and other invidious compari- 


sons. Yours respectfully, 
A. S. Robinson 
St. Ignace, Mich., Feb. 12, 1905. 


The Metric System in Railway Work. 

Sir: Although it is distasteful to me to take part in a 
discussion which can be of very little practical usefulness 
as to the advantages and disadvantages of the metric 
system still I feel it incumbent upon me to correct some 
errors which appear in one of the letters on this subject 
published in Engineering News of Jan. 15, 1903. 

From your correspondent’s assertions in that letter I 
should judge that he never actually used the metric sys- 
tem on railway work in Mexico, or elsewhere, and that 
he has therefore misunderstood something that was told 
him about stationing and grade percentages. His re- 
marks about these basal elements of railway work are 
so distinctly different from the practice with which I 
have been familiar during an experience extending over 
more than 20 years, both on railway and on private work, 
that I can account for them only in this way. 

It may be, as your correspondent says, that the 20- 
meter chain seems an anomaly, but it is only seemingly 
so. For, since a chain of 100 meters is too long and one 
of 10 meters too short to be handled conveniently, 10 
meters is made the base for stationing and the measure- 
ments are made with a chain 20 meters long; thus the 
decimal idea is retained, as is not the case with the 25- 
meter chain, for we use two-tenths or one-fifth of 100. 

The stakes at the end of each 20 meters are then num- 
bered with the even numbers, 2, 4, 6, 8, etc., and any 
‘plus’? measurement greater than 10 meters from the 
preceding even-numbered stake is recorded as a station 
with an odd number plus (+) the number of meters over 
ten. Thus in the instance given in the letter referred to, 
the point to which the measurement extends is 17.25 
meters beyond stake number 5,150 (not stake number 
2,575) and is recorded as station 5,151 + 7.25 (by this sys- 
tem it would be impossible to have a station 2,575 + 
17.25); it is therefore only necessary to drop out the plus 
sign in order to read the correct distance in meters. 

In some cases, particularly in the early days, when our 
experience with the metric system was small, 100-meter 
stations were used, the stakes being marked © + 20, 0 + 40, 
0 + 60, 0 + 80, 1, 1 + 20, etc.; but this method being found 
rather inconvenient was generally abandoned and the 
first adopted. But never, to my knowledge, nor on large 
work, was the method adopted of marking the stakes con- 
tinuously. 

From the above it naturally follows that grades are ex- 
pressed in true percentages of the distance. I have been 
connected with the location, construction and maintenance 
of several hundred kilometers of railway in Mexico and 
the grades were invariably expressed in true percentages; 
a 1% grade meant just what it said, one meter in one 
hundred, or 1-100 of 20 meters equal to 2-10-meter in one 
“chain’’ of 20 meters, and not, as your correspondent 
says, two meters in one hundred. I cannot imagine how 
he got such an idea. 

For running curves by the method of deflection angles 
the 20-meter chain was adopted as the unit chord because 
by its use was avoided much trouble from those annoying 
and distracting decimals of a degree with which every 
engineer using the foot system has to struggle. 

In the calculation of volumes by average end areas the 
metric system is much preferable to the foot unit. There 
is no division by 27. Moreover, with the 20-meter chain 
and a section taken at every stake it is only necessary 
to add the two end areas and then move the decimal point 
one figure to the right to obtain the volume in cubic 
meters. 

There was some trouble with carpentry and masonry 
work for railways because the foremen, being generally 
from the United States, were unable—for reasons best 
known to themselves—to use anything but feet and inches, 
but in private work, where native artisans were employed, 
they preferred and used only the metric system. Shortly 
after the law making the use of the metric system com- 
pulsory went into effect, thinking that it might be clearer 
to explain work to these artisans by the use of the units 
with which they had been familiar all their lives, I some- 
times used the ordinary old measures (‘‘which tie us 
irrevocably to the past’’), and almost invariably was cor- 


many kilos. of meat, and this although the metric system 
has been in use a very few years and the persons thus 
using it are not scientists, but common people 

One, and perhaps the principal, cause of the opposition 
to the metric system seems to be the idea, which its op- 
ponents cannot shake off, that they must think in one 
unit and express themselves in another. This is a great 
mistake. We must think and talk in the same unit 
exactly as when using two languages. He who thinks in 
one language and tries to utter those thoughts in another 
can never talk fluently. The thought and the speech must 
go together spontaneously, as they will after a _ little 
practice. 

In conclusion, I think I can safely say that no one who 
has ever used the metric system constantly in actual 
work will return voluntarily to the use of the foot system. 

Yours truly, Caspar Wistar Haines, 
M. Am. Soc. C. E. 

Philadelphia, Pa., Feb. 2, 1908 


The Metric System: A Big Job for a Literary Engineer. 


Sir: The metric advocates are in the habit of saying that 
the transition from the English to the metric system of 
measurement will be quite easy. All we have to do is to 
throw away our two-foot rules and other antiquated in- 
struments of measurement and begin using the metric 
rule and other instruments derived from it 

This might be true enough if all we had to do was to 
change our measuring instruments It would be just as 
easy to measure a piece of land with a steel tape divided 
into meters and centimerers as with one divided into feet 
and inches, and just as easy to find the diameter of a rod 
with a micrometer reading to .01 millimeter as with one 
reading to .)1-in. 

The metric advocate has also been saying lately that there 
would be no trouble in preserving our existing standards 
which are based on the inch. All we would have to do 
would be to give them different names, expressing them 
in the nearest integral number of millimeters. Thus a 
1-in. hole would be called 25 (not 25.4) millimeters, and a 
2-in. hole 51 (not 50.8) millimeters. 

It is not worth while to argue this point with the me- 
tricist. It is a mere matter of opinion, which is not likely 
to be changed by mere argument. But there are two 
serious objections to the adoption of the metric system by 
the nations using the English units which the metric ad- 
vocates never argue. They pass by them on the other 
side. These objections are: (1) That the millions of 
people in the United States and England have stored in 
their memories facts and figures which are based on the 
inch as the unit of measurement, and they can neither 
forget them nor mentally translate them into metric 
units. (2) That every book, newspaper, trade journal, 
trade catalogue, etc., which they are in the habit of read- 
ing or referring to is printed in the English language, and 
the English system of measurement is part of this lan- 
guage. 

Without referring further to the question of memory of 
facts and figures based on the inch, let us consider a little 
the literary question: 

In Russia or Turkey it might be decreed by the Czar or 
the Sultan that from and after a cervain future date no 
book, newspaper or other publication should make any 
mention of any measurement that was not a metric one, 
under penalty of imprisonment or the bowstring. There 
would instantly be a literary ‘‘boom,”’ so far as such a 
thing is possible in these countries, and the authors and 
printers would at once begin to produce a new collection 
of books, papers, etc., for the use of those who had any- 
thing to do with making or using measurements. All 
measurements thereafter made and published would be 
metric, and all books containing measurements, which 
were worth translating, would be translated into the me- 
tric system. 

But such a decree could not be made in any Anglo- 
Saxon country. The reform (7?) could only be made by 
the consent (silence gives consent) of the majority of the 
representatives of the people, and it could only be made 
gradually. The people would gradually be educated in the 
new system, and there would be a gradual change in the 
literature. During the transition period, which might last 
fifty to a hundred years, there would be two kinds of 
measurement literature produced and studied, (1) transi- 
tion literature, (2) metric literature. The transition liter- 
ature would have both the English and the metric sys- 
tems on the same page or on adjacent pages. Thus, under 
the head of electrical wiring we would have two tables of 
resistances of different metals, with headings as follows: 


French: Specific resistance in microhms-centimeters; 
resistance of 1 meter weighing 1 gramme; resistance 
of 100 meters of 1 mm. diameter. 

English: Specific resistance, copper — 100; resistance in 
ohms per mil.-foot. 
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We would also have tables of resistances, etc., of copper 
wires, with the following headings: 

French: No. of the decimal gage, diameter In millimeters, 

section in mm.*, weight in grammes per meter, resist- 


ance in ohms per kilometer, length in kilometers per 
ohm, 


English: American wire gage, Birmingham wire gage, 
diameter, inches; area, circular mils.; weight, Ib. per 
ft.; weight, Ibs. per ohm; length, ft. per ohm; length, 
ft. per Ib.; resistance, ohms per Ib.; resistance, 
obms per ft 
Together with these there would be a set of conversion 

tables for converting Ib per ft. into kilogrammes per 

meter, ohms per kilometer into ohms per ft., ere. 
Then we would have two different steam tables, five 
lines of each of which would appear as follows: 


a b Ci a e f £ 
90.00 90.58 636.72 37.15 1.701 0.587 
1.1 101.76 102.28 637.5 1.555 0.643 
1.2 104.24 14.79 638.29 533.0 1.433 0.697 
1.3 106.55 107.14 639.00 ASL 1.3229 O.TH2 
1 108.72 100.34 629.66 130.33 1.239 0.806 


a. Pressure (absolute) kg. per sq. cm 
b. Temperature ; 
«. Heat of the liquid 
d. Total heat 
e. Heat of vaporization. 
f. Volume, cu. m. per kg 
g. Specific weight, kg. per 
h. i. j k 
0 14 212 180.9 
0.304 16 213.0 181.9 


1,146.6 965.7 2626 03794 
1 
16 2163 1853 1 
1 
1 


1 

14¢ 

146.9 965.0 25.87 O3868 
147.9 962.7 24.23 04110 

2.3 17 219.4 188.4 148.9 960.5 22.98 043652 

3.3 18 2224 191,4 149.8 958.3 21.78 .04502 

h. Gage pressure, lbs. per sq. in 

i. Abs. pressure, Ibs. per sq. in. 


J Temperature, °F. 
k. Total heat above 32° in the water 
! Total heat above 32° in the steam 


m. Latent heat in the steam. 

n. Volume, cu. ft. per.Ib. 

o. Weight, lbs. per cu. fv 

Under the steam tables it would be explained that 
pressures of steam in metric countries are commonly ex- 
pressed in atmospheres, but that modern writers express 
them in kilograms per centimeter, and that 1 kg. per sq 
em. is nearly, but not quite, an atmosphere. A conver- 
sion table would be given in style something like the 
following: 

1 atmosphere = 14.697 Ibs. per sq. in. — 29.992 ins. (760 
mim.) of mercury 1.035296 kg. per sq. cm. 1 metric 
atmosphere =< 1 kg. per sq. cm 0.96777 atmosphere 
«= 735.51 mm. (29.025 ins.) of mercury. 

The metric literature would be much simpler, thus: 

1 atmosphere <— 760 mm. of mercury = 1.033296 metric 
atmosphere 1.033296 kg. per sq. cm. 1 metric at- 
mosphere = 1 ke. per sq. cm, = 0.06777 atmosphere 

This little conversion table is necessary because there 
are two atmospheres used in the French system, one the 
actual mean pressure at the sea level, or 1.033296 kg. per 
sq. cm., and the other an ideal atmosphere, in which there 
is “the beautiful correlation between measures of length 
and of weight,’’ viz., exactly 1 kg. per sq. cm 

It would not be much of a job to produce the metric 
literature, for it would be necessary only to reproduce the 
rules, tables, formul@ and data now printed in the metric 
countries. There would be no tables of structural shapes, 
for instance, ranging by even inches from 3 to 24, with 
their corresponding weights per yard, and coefficients of 
strength in pounds, but there would be other tables in 
which there would be structural shapes from SO mm. up 
to, say, 600 mm., advancing by intervals of from 20 to 
60 mm., with their corresponding weights in kg. per 
meter, and with coefficients rorresponding to metric meas- 
ures of length and weight. 

The big job, however, would be to produce the literature 
of the transition period. It would include, in the tables 
of beams, fog instance, all the existing standard sizes, in 
even inches of depth, with their corresponding metric 
equivalents to the nearest tenth of a millimeter, together 
with the dimensions, both English and French, of length, 
breadth of flange and thickness of web, the weight per 
yard and per meter, in pounds and kilograms, and the 
coefficients for computing strength in both systems. Be- 
sides this there would have to be new tables of the new 
sizes, 20 to 600 mm. in metric measures and in their Eng- 
lish equivalents. 

Duriug the transition period the mechanical articles in 
the Encyclopedia Britannica and all other cyclopmwdias 
and other works of general reference would have to be re- 
printed in the transition language, otherwise they would 
not be readable by the people of the period. When the re- 
form (7) was at last accomplished they would have to be 
reprinted again, making them altogether metric, and then 
the old books would all find their way to the paper mill. 

The eugineer’s pocket-books would also have to be re 
printed in the transition language, and then many years 
later completely metricised. If it is true, as the metric 
advocates so confidently assert, that the reform is surely 
coming, and coming very soon, it is time that the authors 
of these pocket-books and their sons and grandsons were 
preparing for it. There will be work enough cut out for 
them to last at least three generations. It should be 
highly profitable, too, for every present owner of one 
of these pocket-books, if the metric system is coming very 
soon, would have to provide himself with both of the new 
books, and the transition book would be at least half as 
large again as the present book, and of course would sell 
at a higher price. The first editions also would have so 


many typographical errors and errors of computation that 
the new editions would sell rapidly. 

To get an idea of the size of the job that will have to 
be done if the impending reform is accomplished, let us 
consider some of the tables, etc., that are found in these 
books based on the English inch. They are: 

Wire and sheer-metal gages 

Weight and specific gravity of substances. 

Weights of standard sizes of bars, rods, tubes, structural 
hapes, pipes, fittings 

Thickness of pipe for different pressures. 

Standard pipe flanges, boiler tubes, riveted pipe, brass, 
copper and lead pipe 

Standard sizes of screw threads, taps, set screws, ma- 
chine screws, nuts, bolis, rivets, washers, nails and 
spikes, wire, wire rope, cables, chain, fire-brick 

Strength of materials, rules, tables, formulm, etc.; safe 
loads on columns, beams, shafts, bolts, bursting pressure 
of pipes, cylinders, boilers: results of tests of materials, 
bars, chains, springs, riveted joints, timber, alloys, ropes, 
wire ropes 

Specifications of all materials. 

Velocity of falllug bodies. height due to velocity 

Air, properties of, compressed air, tables and formule, 
flow of air in pipes. air compressors, fans, blowers. 

Heating and ventilating, formul@™ and tables 

Water, weight, pressure, flow, pumps and pumping en- 
gines, turbines 

Steam, properties of, steam pipes, boilers, chimneys, 
heaters, engines, condensers, flywheels, governors. 

Transmission machinery, gear wheels, shafts, pulleys, 
belts, rope, wire rope. 

Foundry and machine shop practice. 

Refrigerating machinery. 

Locomotives, cars, railroad work. 

Marine engines, ships, etc. 

Electrical engineering. 


The list might be extended indefinitely. 

Another branch of technical literature that would have 
to be reprinted is that issued by the several correspond- 
ence schools. The hundreds of thousands of students of 
these schools would all have ro be furnished with in- 
truction papers in the transition language. The in- 
structors in the schools also would have a big job added 
to their present one in correcting the additional errors 
made by their pupils on account of their want of fa- 
miliarity with the new units of measurement. 

It may be said that the transition literature would not 
be needed, that a good book of conversion tables would 
fill all wants in transposing from one system to the other. 
But as long as manufactured articles, such as bars, tubes. 
efe., are made in standard sizes by the English system, so 
long would we require tables of weight, capacity, etc., of 
these sizes, and such tables cannot be converted from one 
system to the other without great labor and labiliry to 
error. The use of printed tables giving the weights, ca- 
pacities, ete.. in the French system, together with the 
sizes in English measures, would be needed. Just such 
tables are already found In catalogues of American rmanu- 
factures, printed in French and German. There ts a table 
of this kind In a French book of ‘‘Notes and Formul=.” 
1897 edition, giving weights tn kilograms of cast-iron 
pipe, the sizes of which are given as follows: 

Inches ...... 1% 2 2% 38 2% 4 5 6 ‘i g 
Millimeters .. 41 54 67 81 $4 108 135 162 189 216 

On another page there is another table of weights of 
other sizes of pipe, viz.: 

Millimeters, 40, 50, 54, 60. 70. 75, 80, 90, ete. 

The first table represents the sizes of pipe that would 
be made during the transition period: the second the sizes 
that would be made when the metric system had been 
completely introduced. 

The same book gives a table of screw-threads “Systeme 

Whitworth,” with the following figures: 
Diam., Ins... S/n % Wa % 1 
Diam., mm. .6.35 7.94 9 52 11.11 12.70 15.87 19.05 22 22 25 40 
Thr’ds prin. 20 18 16 14 12 11 19 9 g 
Pitch, mm..1.27 1411.59 181 211 2.21 254 282 3.18 
Diam. core*.4.726.09 7.36 8.64 9.91 12.92 15.74 18.54 21.35 

*Millimeters 


The book says of the Whitworth system, that it has been 
adopted for a long time in England and in Germany: “It 
is very desirable that we reach some universal rules for 
the pitch of screws, but the widely extended use of the 
Whitworth sizes prevents it, until England has adopted in 
practice the metric system.” 

So it appears that even in France, after more than a 
century of the metric system, the transition period of me- 
chanical literature is not yet at an end. 

The conclusion from the above study of the literary 
question is that the work to be done in converting the 
English-speaking race from the English to the metric 
system is so appalling in its magnitude that it can never 
be done at all. There will be no transition period and no 
transition literature. There may be laws passed making 
it ‘‘vhe’’ legal system, and the departments of the govern- 
ment may be compelled by Congress to use it in all busi- 
ness transactions, but the people as a whole are no more 
likely to adopt it than they are to give up the English 
language and adopt French in its place. 

Very truly yours, M. Am. Soc. M. E. 

New York, Jan. 26, 1903. 


——- 
Notes and Queries. 


A. J. S., Philadelphia, Pa.. wishes to purchase a water 
motor to develop about 1 HP. and work against a back 
pressure of about 20 lbs. He thinks a motor designed on 


the principle of a water meter would fill the bil! 
sides to know if such motors are manufactured 

A. A. H., Reno, Nevada, wants us to use ¢! 
““headlision” and “rearlision,’” which he has 
describe the two classes of railway collisions. w, 
advantage in such terms. ‘‘Butting Collision” 
Collision” are in common use, and are under 
everyone, which would not be the case with 
newly coined. 


al 


R. L., Burke's Station, Va., writes that he pr 
build a concrete arch of 50 ft. span to carry 
track embankment 40 ft. high, and inquire 
there will be no appreciable bending moment 
ring, there would be any advantage in embedd 
rails in the concrete. If it were desired to us: 
merely to aid the concrete to resist the com 
strain; would the smooth rail having no proj 
bond with the concrete be effective for this? 

We see no advantage in the use of steel with « 
under such conditions, or at least no advantage 
surate with the additional cost. We should be ¢ 
hear from any engineers, however, who can giv: 
reasons for a different opinion. 


wi 


A JOINT FOR GALVANIZED STEEL PIPE. 


feet metal pipe is very extensively used 
conveying water long distances for irrigating 
mining purposes, and also for drains, exhaust. 
suction and discharge pipe, well-casing (w) 
only light driving is necessary), and various othe; 
purposes. The accompanying cut shows a forn 
joint for galvanized steel pipe of this class, and 
used principally for water and ventilating pipe 
in mines. The pipe is made in 10-ft. lengths, ea 
length rolled from a single sheet. The longitu:i: 
seam is a single-riveted seam for sheets of No 
16 gage, and a lock seam for pipe made of sheets 
of No. 18 and No. 20 gage. Pipe is made from 
black sheets in the same way, but must be treated 
with asphalt to be watertight. 

The pipes are put together with slip joints, one 
end of each pipe being reduced in diameter (as 
shown at A) to slip into the end of the next pipe 
On each end of each pipe is also riveted a colla: 


Pipes Ready +o be Connected. 


Completed Joint. 


Joint for Sheet Steel Pipe. 


Tallerday Steel Pipe & Tank Co., Waterloo, !a.; 
Makers. 


B, with space between it and the pipe to admit 
the clips C. In making the joints, cloth is cut in 
lengths sufficient to wind three times around the 
pipe, and a sufficient length to go round once is 
dipped in melted asphalt and tightly wound, as 
shown at D. The pipe ends are then shoved 
together. The remainder of the cloth is coated 
with asphalt-on the inner side with a brush and 
tightly wrepped around the joint, after which 
the clips are driven through the collar and the 
flat ends bent over, as shown in the view of th: 
completed joint. 

This joint is a specialty of the Tallerday Steel 
Pipe & Tank Co., of Waterloo, Ia., and we are 
indebted to that company for drawings and other 
information. 


>» 
= 
\ 
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— 
; Joints being Wrapped. 
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ELECTRICITY VS. THE LOCOMOTIVE FOR TRUNK LINE 
RAILWAY SERVICE.* 


By F. Sweigert.7+ 


ro the traveling public the idea of being hurled across 
nent in an electrically-driven train at a speed of 


10) an hour is a very seductive prospect, but to 
e or less familiar with the difficulties it is yet an 
t dream. 


rumber of long-distance electric transmissions in- 
the past few years, transmitting power economi- 
ommercially, for distances up to 150 miles, has 

e people to believe that electricity on trunk lines 
eht. This, however, is an erroneous impression, 

wily to the fact that long-distance transmissions 
necessity very high-tension alternating currents, 
successful railway motors are invariably 

_ and of the direct-current type. 
ier to use high-tension alternating currents for 
work, it has been necessary to interpose both 
nd rotary transformers, and this, of course, very 
nereases the expense, both in original invest- 
ind in operation, since these transformers must be 
ed in substations at more or less frequent intervals 
the line. 

\s a little extension into the field of possibilities, I 
.ked my friend Mr. Graham for some figures on the 
yotive power on the 400 miles of the Oregon R. R. & 
vigation Co.’s line, between Portland and Huntington. 
vying to displace this power with electricity is a good 
‘ like attempting to realize the distance to the sun, 
but, roughly speaking, it would require four main generat 
i tations, with a combined capacity of probably 40,000 
HP., and costing probably $6,000,000 to install. It would 
iso require at least 20 substations, each with a capacity 
( least 3,000 HP. to take care of the concentrated 
loads, and costing at least $6,000,000 more, or $12,000,- 
00 in station equipment alone. The feeders to convey the 
necessary current along the line would probably reach a 
um nearly, if not quite, $5,000,000, or, say $17,000,000 
for power and line. 

Rlectric locomotives of a capacity equal to the present 


hile é low- 


turned over to the 
This company is to keep the 
and turn over annually to the 
a percentage on the first « 


company the mines 
in repair, 
two Governments 


the line 


owning 


railway 


st of 


For’15 years trains have been running to the 
famous iron mines at Gellivare, a town of 6,000 
inhabitants, which is 44 miles north of the Arctic 


Circle. These mines yielded a million tons of ore 
in 1900; the miners receiving $1.40 to $1.75 a day. 


There will now be developed a much larger 


deposit of iron ore at Kirunavaara on the line 
of the new railway. This deposit is a mass of 
magnetic ore forming a ridge about 70O ft. high 
and several miles long. 

It is estimated that there are 200,000,000 tons 
of this ore available; and if 2,000,000 tons are 


annually mined it will evidently take a 
to exhaust the ore in sight A 
15,000 people is expected to occupy 


eentury 
town of 


some 


what is now 
a solitary waste fronting this hill of iron. 
Victoria Haven has been fitted with up-to-date 
harbor facilities; the ore dock comparing favor- 
ably with those of Lake Superior in size and 
effectiveness. 
It is interesting to note that while the United 
States Steel Co. is acquiring control of the iron 


lands of Lake Superior with a view to controlling 
deposits, other 
developed not only 


iron are being 
in this country but abroad 
THE SCHWARZ DRYING AND MIXING MACHINE FOR 
MANUFACTURING LIME-SAND BRICK. 
The characteristic 
lime-sand 


ore vast 


deposits 


features of the process of 
brick manufacture, invented by Mr. 
Wilhelm Schwarz, of Zurich, Switzerland, are: (1) 
The exact control of the heat and moisture re 
quired for the cementing action; (2) the protection 


Ens. News. 
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BRICK MANUFACTURE. 


Schwarz System Brick Co., New York City. 


steam locomotives would involve an additional expenditure 
of something like $750,000, or a grand total of nearly 
$18,000,000, to displace locomotives costing perhaps 3 o: 
4% of that sum. 

When we consider that, with the greatest success pos- 
sible in the present experiments, at least one-third this 
sum would be required, we must conclude that trunk-line 
electric transportation is like express service to the moon 

interesting, but improbable. 

As a matter of fact, unless some heaven-born genius is 
sent us to entirely revolutionize present methods, elec- 
tricity is absolutely out of the race for long-distance 
work; and, while some experimental roads using alternat- 
‘ng-current motors are in existence, or building, there is 
no particular reason to suppose that the problem is any 


nearer solution to-day than it was five or even ten years 
ago. 


THE GREAT MAGNETITE DEPOSITS OF SWEDEN. 


The completion of the Arctic Railroad from 
Lulea to Victoria Haven marks an epoch in the 
history of iron mining in Europe. This railway 
is 230 miles long, of which 130 miles lies north 
of the Arctic Circle, and having been built by the 
Governments of Norway and Sweden, will now be 


*Extract from a paper read before the Pacific Coast Ry. 
Club, Jan, 17, 1 ind 


‘General Manager City & Suburban Ry. Co., Portland, 
Oregon. 188) 
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SCHWARZ DRYING AND MIXING MACHINE FOR LIME-SAND 


of the mixture from atmospheric influences; and 
(3) the continuation of the cementing action 
throughout the processes of mixing, molding and 
hardening. The significance of these characteris- 
tics will be made clear by a brief explanation. 

If quartz, sand and lime are mixed a chemical 
combination takes place between the two sub- 
stances, with formation of silicate of lime, so 
long as the mixture is kept moist. This formation 
of calcium silicate tends with time to a thorough 
hardening of the mixture, if the latter is main- 
tained under the influence of the moisture of the 
air. If the moisture is supplied in the form of 
steam the chemical action is accelerated, and it 
becomes particularly rapid when hot steam under 
high pressure is used. While calcium silicate is 
being formed, a simultaneous formation of car- 
bonate of lime takes place through the action of 
the carbonic acid gas contained in the air. This 
secondary action is detrimental, since the calcium 
carbonate being to a certain extent hygroscopic, 
is attacked by atmospheric agents, which the al- 
most insoluble calcium silicate resists perfectly 
well. Calcium carbonate is formed chiefly when 
the mixture is allowed to harden in moist air, 
since in such a case the chemical reaction be- 
tween the sand and lime is very slow, and the 


acid of the air time to 
enter into combination 
contrary, in the steam 


hardening operation 


carbonic has plenty of 
with the lime. On the 
hardening process the 
takes place very rapidly and 
carbonate has less opportunity to form 
Based on zg the process of lime-sand 
ist approved by German au- 


calcium 


this reason 


brick manufacture m« 


thorities, by whom it has been devoleped to high 
commercial importanee, is the steam-hardening 
process. In order to obtain a lime-sand brick of 
uniform good quality the sand must be mixed 
with just the quantity of lime necessary to pro 
duce the requisite amount of calcium silicate re- 
quired for perfect mentation, If any trace of 
lime remains in a fre state it is likely later on 


of the air 
theoretical require- 


to combine with the carbonic acid 


Summarized brietly the 


ments for the successful manufacture of lime- 
sand bricks of the highest quality are: (1) The 
careful proportioning of the sand and lime; (2) 
the accurate control of the heat and moisture; (5) 


the exclusion of the and (4) 
the ac¢ of the hardening process. It was 
for the purpose of meeting these requirements as 


outside atmosphere; 


eleration 


perfectly as possible that Mr. Schwarz developed 
the process and apparatus which are described 
below 

rhe first operation ip the Schwarz process is 
the mixing of the sand and lime, which is done 
in a vacuum mixirg machine. This machine is 
shown in transverse and longitudinal section by 
Fig. 1. Briefly deseribed, the machine consists 
of a steam-jacketed drum with interior rotary 


blades operated by suitable 
at one end. This drum, which has a capacity of 
about three tons of sand, is filled by means of a 
funnel placed above it. When the drum is charged, 
the interior mixing blades are set in 


gearing outside and 


motion and 


Cross 


Section A-B 


the contents are heated by means of the steam 
jacket surrounding the drum. A vacuum pump 
attached to the apparatus removes the sieam and 
air from the drum. When the sand has been prop- 
erly dried the required quantity of finely pulver- 
ized lime is introduced into the drum through a 
special aperture and the mixture is again stirred 
and heated. he necessary quantity of moisture 
is then introduced into the drum in the form of 
water or steam by means of a pipe penetrating 
the interior of the drum. After wetting the mix- 
ture continues to be stirred and heated during a 
sufficient time to allow a preliminary combination 
of the lime and sand to take place, and produce a 
mixture with sufficient tenacity to permit of easy 
molding. 

From the mixer the sandand lime mixture is run 
into a storage bin which feeds the brick press 
and is molded into bricks immediately. The bricks 
from the press are stacked on cars and run di- 
rectly into a large cylindrical steel hardening 
chamber. This chamber is heated by steam pipes 
and kept moist by introducing sprays of water 
In this chamber the bricks are completely hard- 
ened ready for use as soon as they are removed 
and cooled. 

The Schwarz process of lime-sand brick manu- 
facture is controlled in the United States by the 
Schwarz System Brick Co., of New York city, to 
whom we are indebted for the 


material from 


which our illustration has been prepared. 
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AN OFFICIAL RECOMMENDATION OF AUTOMATIC 
STOPS IN CONNECTION WITH BLOCK SIUNALS. 

In the forthcoming annual report of the Illinois 
Railroad & Warehouse Commission, Mr. F. G. 
Ewald, Consulting Engineer to the Commission, 
takes strong ground in favor of the use of auto- 
matic stops or brake-setting devices in connection 


use of practical automatic appliances. In one year, this 
sum would pay for the installation of block signals of the 
character mentioned for a distance of 2,930 miles of single- 
track road, if these signals were placed 3% miles apart. 
Furthermore, there would be no necessity for the use of 
derails in main tracks at interlocking systems where the 
train mileage of roads was such as to warrant the adop- 
tion of the system. Even without the automatic ap- 


Fourth. A red lantern swung by the rear brake 
train No. 13 (this man claims that he was with 
30 yds. of the road crossing when the train No. 621 
him); and finally the home block signal, showing 
green lights, which indicated that he must ex; 
full stop, as the track ahead was occupied. Th 
is located 2,136 ft. from the warning signal. A) 
from the evidence we cannot find that the rail; 


Eno News 


aq 
§ 
& 
Base of Rail, £1784 w Base of Rai! 
= 


with block signals... We quote from the report as 
follows: 


In my opinion, the number of killed and injured by col 
lision could be diminished almost wholly, including many 
of the fatalities attributable to derailments, by the use of 
automatic block signals with attachments for automati: 
ally applying the train brakes. Such a system has been 
in practical use on an elevated railway in Chicago for 
some years, and another system of the same character has 
been installed within the last year or two on one of the 
elevated :ailways in New York city. | Boston.—Ed.] While 
Il am not familiar with all of the devices for automatically 
applying the train brakes, the manufacture or design of 
these devices is not limited to one company; but there are 
ae many as three companies or persons In the United 
States competing for this character of safety appliances 


@) QQ OO QO 
Ene News 
Fig. 111. Diagram Showing Wheel Spacing for Cal- 
culating the Manhattan Valley Viaduct. 
(Load per wheel, 12,0 Ibs.) 


A German invention of a device of this sort gave ex- 
cellent results in a trial test recently held and as a result 
of this demonstration, it is to be put to a practical test on 
sections of the German and Russian state railways. Tak- 
ing these facts in connection with the efforts being made 
in our country, it would be strange indeed if an automatic 
system of this character could not be found that would be 
infinitely better than the system of operating trains by 
telegraph as now generally in vogue 

Accidents by collision are commonly the result of an 
engineman or conductor (or both) placing a wrong inter- 
pretation on telegraphic orders given them; or failure on 
the part of trainmen to carry out orders as given them; 
or failure on the part of a station operator to hold a cer- 


pliances for applying train brakes, the Chicago, Burling- 
ton & Quincy R. R. has for some time operated its trains 
over the double track between Chicago and the Mississippi 
River by the aid of manually operated block signals only, 
with good results, and without the use of the telegraph 
except in cases when instructions are necessary to block 
certain trains. Mistakes on the part of employees, even 
among those who have been in the railway service for 
many years, are excusable to the extent that the human 
mind is not infallible to error. In my opinion, the adop- 
tion of automatic devices referred to is entirely prac- 
ticable for the purpose of operating trains in lieu of the 
telegraph system. It would result in the saving of many 
thousands of dollars expended annually on the part of 
railway companies for damages to persons and property, 
and would avoid the fatalities to hundreds of the travel- 
ing public and employees. If this method of operating 
trains is practical, why should there not be an effort made 
to give such a system a thorough test? If the demonstra- 
tion proves what is claimed for it, why should there not 
be a general adoption of a system of this character on 
such road where the necessity for it is apparent? 


THE CORONER'S VERDICT ON THE WESTFIELD 
COLLISION. 


The verdict of the coroner’s jury which has been 
investigating the collision that occurred on the 
Central R. R. of New Jersey on Jan. 27, rendered 
its verdict on Feb. 13. Among the members of 
the jury was Mr. Andrew J. Gavett, Street Com- 
missioner and City Surveyor of Plainfield. Ex- 
tracts from the verdict follow: 

We believe that this collision was caused by the failure 
of the engineer, James N. Davis, to observe the following 
signals displayed to warn him of approaching danger: 

First. The red lamp set on the ground at Cranford, 
which notified him to stop for orders. 
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tain train when directed by the dispatcher to do so; or the 
issuing of conflicting orders on the part of the dispatcher; 
or failure on the part of the enginemen to observe or obey 
a block signal set at danger; or failure on the part of an 
automatic signal to assume the danger position, without 
any compensating features in connection with such signal 
in the form of a device for automatically applying the 
train brakes. Some very serious accidents have occurred 
recently as a result of many of the causes above men- 
tioned and it is not necessary to go out of our own state 
to find them 

During the year ending June 30, 1902, there was paid 
out by the railway companies (of Ilinois?—Ed.) for itn- 
juries to persons, loss and damage and clearing wrecks, a 
total of $1,842,176. This enormous sum forms one of thé 
items chargeable to operating expenses It is probable 
that at least half of this sum is chargeable to ‘‘collisions’’ 
and such ‘“‘derailments’’ as could not occur with the 


Pian 


Second. The distant, or cautionary block signal, a green 
light just west of the Westfield station, which gave warn- 
ing that the block ahead was occupied. 

Third. A red lantern swung back and forth across the 
track by the flagman at the Broad St. crossing, Westfield, 
S74 ft. from the last mentioned block signal. 


FIG. 110. DIAGRAM ELEVATIO: 


pany or any of the officials can be held crimina 
sponsible, there are certain mitigating circumstan 
regard to the action of the engineer which should | 
into consideration. 

There is no doubt that there was an unusual! an 
steam escaping from some part of the engine durin: 
run from Jersey City to Westfield the night of th: 
dent. This escaping steam, the engineer claims 
ante-mortem statement, obscured his vision so tha: 
could not see the signals without shutting off stean 
the air was heavy, this steam settling around the ene 
was probably the cause of his not seeing the train « 
signal at Cranford, consisting of a red lantern placed ; 
the ground, thus failing to receive the warning fror 


L, 


Section A-8 


Section C-D 


Ewe 
News 


Fig. 113. Details of Expansion Joint Construction. 


train despatcher that train No. 13 was on the track 
ahead. 

Engineer Davis states that, finding it necessary for him 
to get at the injector, he missed a signal. This was prob 
ably the cautionary signal before referred to just west 
of the Westfield station, and, as it has been shown by 
actual experiment that at the rate of speed he was going 
at the time it would only take 40 seconds after passing 
Westfield to strike the rear of train No. 13. 

The fire which occurred immediately after the collision 
and added greatly to the horrors of the wreck was prob- 
ably caused by the explosion of the headlight and burning 
gases excaping from the tubes of engine when the smoke 
box was broken in. However, there were two stoves 
in each of the two rear wrecked cars, which probably in- 
creased the rapidity of the conflagration. 

We have carefully considered measures that should be 
taken to guard against the repetition of accidents of thi 
kind, and would suggest close study of the following que: 
tions: 

Is the traffic of this railroad greater than can be safely 
handled, considering the very large amount of high-speed 
service required; if so, what is the remedy? 

Should not all stoves be prohibited, and all passenger 
cars be heated by steam from the locomotive? 

Should not the headlights on engines be electric or some 
thing safer than a lamp containing a large quantity of 
oil, which, in cases of accident, is liable to cause fire? 

Should railroads be required to provide another man in 
the cab, whose sole duty it would be to look out for 
signals? 

Should not a stricter observance of the rules relating to 
signals be insisted upon by the railroad officials, this 
especially in regard to distant or green signals? While 
there is no evidence before us that these signals are no! 
regularly observed on the railroads concerned in this co! 
lision, there is a general feeling that a laxity prevails in 
this matter all over the country. 

Should not the railroads adopt, in connection with the: 
automatic visual signals, some one of the automatic safety 
devices that are now in the market, which actually shu! 
off the steam, apply the brakes and stop the train if the 
track is blocked or out of order? To arrive at a correc! 
decision in these matters, which require a great dea! o! 
serious and expert study, we suggest that the legislatur: 
of the State of New Jersey, now in session, pass a bil! 
providing for a State Railroad Commission, to be p- 
pointed by the Governor, composed mainly of disinterested 
experts or practical railroad men, who shall investiga‘: 
the above questions and others of equal importance wh'°! 
may be brought to their attention. r) 
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THE NEW YORK RAPID TRANSIT RAILWAY. 
XVII. 
Contract Section Xil. 


having the wheel spacing shown by Fig. lll anda 
weight of 12,500 Ibs. per wheel; dead load, track 
only, 330 lbs. per lin. ft. of track; wind load, 3 
Ibs. per lin, ft of structure; traction load, 20% of 


four parallel girders with webs 90 x %& ins., and 
flanges of 6 x 6 x %-in. angles. The floor beams 
have plate webs and double angle flanges and the 
stringers are rolled I-beams. 


Contract Section XII. of the Rapid Transit Rail- live load in either direction, flange stress, longi- The four endmost towers at the south end and 
way extends from 125th St. to 133d St. Between tudinal girders over 27 ft., 10,000 lbs.;: under 27 the six endmost towers at the north end of the 
these streets a deep valley in the profile of the  ft., 8,000 Ibs.; transverse girders, 10,000 Ibs.; floor viaduct where the elevation above the street is 

nose of R & & Base of Rail, £1 78.4 


MANHATTAN VALLEY VIADUCT. 


Boulevard rendered necessary a viaduct to carry 
the road. The subcontractors were E. P. Roberts 
for the foundations and the Terry & Tench Con- 
struction Co. for the erection of the steel work. 
VIADUCT STRUCTURE.—Beginning at about 
118th St. the profile of Broadway, which is the 
general route of the Rapid Transit Railway, de- 
scends on a rather steep grade to 129th St. and 
then rises on a similar steep grade to about 135th 


a. 
st. This depression is known as Manhattan Val- 
ley, and it forms the most pronounced cut in the 
high ridge of land which borders the west side of | = 
Manhattan Island for several miles of its length. 


beams, 8,000 Ibs.; shop rivets, bearing 12,000 Ibs. 
per sq. in.; shear, 6,000 Ibs. per sq. in. The re- 
quirements for material, workmanship, ete., were 
those of the general specifications for subway 
and viaduct steelwork, which were published in 
Article ITI. 
< 56° ™ 60 


Base of £/ 784 


moderate are single bent towers. and their con 
struction isclearly shown by Fig. 112. The columns, 
it will be noted, are made of channels with round- 
ed corners, and are anchored to the 
unusual security. Another feature of the design 
which deserves attention is the expansion joint 


bases with 


xp Joint 


To cross this depression a viaduct structure was 


necessary; consequently, the West Side Line 
emerges from subway just north of 122d St., and 
runs on embankment to 125th St., then on viaduct 
to 133d St., and then on embankment again to 
near 135th St., where the road again plunges be- 
neath the ground. The viaduct structure consti- 
tutes Contract Section XII., and is shown in dia- 
gram side elevation by Fig. 110. 

Referring to the diagram elevation it will be 
observed that the south approach embankment 
terminates in a masonry abutment at the south 
side of 125th St., and that a similar abutment be- 
gins the north approach embankment at the north 
side of 133d St. On the north side of 125th St., 
and on the south side of 138d St., are masonry 
piers. Between each of these piers and the ad- 
jacent abutment is a plate girder through span 
crossing 125th St. and 183d St., respectively. These 
piers were also the terminii of the viaduct con- 
struction proper. This was of the usual construc- 
tion of plate girders carried on steel columns. 
except at one point, where the structure crossed 
Manhattan St., and here a two-hinge arch of 
168!4-ft. span was built. The reason for inserting 
this arch was to avoid an expensive readjustment 
of the junction of the surface lines of Broadway 
and Manhattan St., which would have been neces- 
sary had viaduct structure been used. The total 
length of the viaduct structure is 1,915 ft., and 
its total width is 41 ft.; it carries three lines of 
track. 

The loads assumed and the unit stresses adopt- 
ed in designing the viaduct structure were as 
follows: Live load, a continuous train of cars 
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FIG. 114. DETAILS OF DOUBLE BENT TOWER CONSTRUCTION. 


Taking up the structure in detail we have to 
consider first the end approach spans, second the 
viaduct construction proper, and third the steel 
arch span. The approach spans call for brief men- 
They are through plate girder spans 
Each span has 


tion only. 
of 86 ft. and 65 ft., respectively. 


46'@ 66" »3'3"« 50" x 
24'3" 


The spacing of these joints along the structure 
is shown by Fig. 110, and Figs. 112 and 115 show 
the details of their construction. The difficulty of 
planing the bearing surfaces to compensate for 


grade was overcome by the introduction of the 
half-pin. The bearing is on the round of this 
7'0" 


24/3" 
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FIG. 115. DETAILS OF VIADUCT TOWERS FLANKING 168%-FT. ARCH SPAN. 
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pin and automatically takes up the variations of 
grade. The double bent tower construction which 
is employed throughout the viaduct, except as 
noted above, is shown by Fig. 114, the drawings of 
which leave little to be explained. It will be noted 
that the tower is stiff-braced throughout. 

The arch over Manhattan St. is a three-ribbed 
parabolic braced arch of 168.5 ft. span, and is 
flanked at each end by a double bent viaduct 
tower. Each tower bent has three legs and is 
otherwise constructed as shown by Fig.115. These 
drawings show the arrangement of the moving 
stairs of the “escalator” type, by which access is 
had to the station platforms located on top of the 
arch. The arch structure proper is shown in 
elevation and plan by Fig. 116. Each rib is divided 
into 14 equal panels, and from each panel point 
a vertical post rises to carry the floor system. 
Fig, 117 is a half-transverse section at the fourth 
panel point from the south end. Fig. 117 shows the 
details of one of the outside ribs of the arch. 

FOUNDATIONS.—The foundations for the via- 
duct structure proper call for brief mention only, 
as they are clearly shown in several of the draw- 
ings. They were of concrete capped with granite, 


plan by Fig. 118. As will be seen two parallel 
rows of three piers each were erected. The front 
and rear piers were connected by masonry cores 
and similar cores connected the three front piers. 
The front piers carry the skewback stones and are 
the only parts of the masonry which appear above 
ground. It will be observed that the transverse 
cores between the skewback piers were reinforced 
with exvanded metal. These arch foundations 
were carried down 30 ft. below the street sur- 
face to a coarse gravel and sand below the in- 
vert of a very large and deep sewer in Manhat- 
tan St. The large piers at the end of the viaduct 
structure were masonry on a concrete footing and 
were carried down to solid rock. 
ERECTION.—The erection of the viaduct was 
considerably inconvenienced by the delay in the 
delivery of steel. The normal mode of procedure 
would have been to erect the plate girder spans 
first and then to proceed from one or both ends 
with the viaduct erection. This, however, was 
not possible on account of delay in building the 
abutment. The contractars, therefore, began at 
the north end 5f the viaduct by erecting one span 
of viaduct from the ground, using a fixed derrick 
for handling the material. A traveler with a 65- 
ft. boom was then erected on the completed span 
and employed for erecting the succeeding spans 
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the south then proceeded until the arch spa; 


Was 
reached. To erect the six ribs of the ar pan 
this traveler was maintained on the tower .. * 
south end of the arch, and on the opposit t) 
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Fig. 118. Diagram Plan of Foundations for 1681, -ft 
Arch Span. 


tions for each opposite half rib were connected 
up on the ground, and the first two half ribs thus 
formed were swung forward by the traveler and 
the opposite derrick and set on the shoes and econ- 
nected at the center. This rib was then guyed 
east and west by cables to deadmen. The second 
and succeeding arch ribs were similarly erected 
and guyed, except the last, which could be sup- 
ported without guys. The laterals were then 
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FIG. 116. GENERAL ELEVATION AND PLAN OF 1681%4-FT. ARCH 


and were built in forms in shallow shafts opened 
in the street surface, and in every case were car- 
ried below the treacherous rock-fill with which 
the street grades of the valley have been some- 
what decreased. The arch 


foundations deserve 
further mention. 


They are shown in diagram 


Half Elevation, 
Showing Outer 


168'5 Span 


Half Section, 


Rib. Showing Center 


by moving ahead from span to span in the usual 
manner familiar to engineers, until the arch span 
was reached. The traveler was then dismounted 
and transferred to the south end of the work 
where a span of viaduct had been erected by der- 
rick from the ground to receive it. Erection from 


87.045 


SPAN. 


placed and the posts and roadway erected by the 
traveler and derrick moving forward from 0ppo- 
site ends, as the occasion demanded. 

The construction of Contract Section XII. came 
under the direction of Mr. Eugene Klapp, Division 
Engineer, Rapid Transit Commission. 
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4 NEW WESTINGHOUSE HORIZONTAL GAS ENGINE. 


As most of our readers are aware the Westing- 
house Machine Co. of Pittsburg, Pa., has for 
: vears been building vertical gas engines of 
three-cylinder single acting type, and has 


tf 

I a specialty of machines of large size. Re- 
cently it has developed a horizontal double-acting 
gas engine which it is now placing on the mar- 


ket in sizes from 250 to 1,500 HP. 

, styles of this engine have been designed, 
single-crank engine, similar in its general 
to a tandem compound steam engine; the 

- a double-crank engine, similar to a double 


t m compound steam engine, the flywheel be- 
ing in the center. The engine is of the four- 


stroke cycle type, one stroke drawing in the ex- 
plosive mixture of gas and air, the return stroke 
compressing it, the third stroke developing power 
by the expansion of the exploded mixture, and the 
me return stroke, expelling the products of 
combustion, As each crank has two double act- 
ing cylinders, mounted tandem, connected to it, 
it is evident that the crank receives two impulses 
during each revolution. 

A notable feature in the design of the engine 
is the use of hollow pistons with internal water 
circulation for cooling. The water supply enters 
a cavity on the cross-head by means of a flexi- 
ble pipe connection provided with special swing- 
ing joints. It then flows through the hollow pis- 
ton rod to the front and rear pistons, through 
which it circulates, finally emerging through a 
bronze tail red extending through the rear head 
and there emptying into a cast-iron jacket com- 
municating with the hot water return pipe. By 
thus cooling the pistons, close fits between the 
piston and the cylinder are possible. 

The valve gear is of the cam and roller type 
similar to that used in the Westinghouse vertical 
It is driven by helical gearing from the 
main shaft. The valves are vertical lifting pop- 
pet valves, held to their seats by springs. Each 
valve is independent and may be removed with its 
seat and liner for inspection or replacement with- 
out interference with any other part. 

The mixture of gas and air takes place before 
reaching the valves and the proportions of the 
mixture are under control of the attendant. Gov- 
erning is effected by varying the quantity of ex- 
plosive mixture admitted to the cylinder at each 
stroke. 

Engines of this type are now being installed at 
the works of the Consolidated Industries Co., at 
Batavia, N. Y., and at the Atlantic Refining 
Works in Philadelphia. 


engines. 


COST OF DIAMOND DRILLING IN NATAL, 

Realizing that capitalists can best be induced 
to undertake mining where something is definitely 
known regarding geological formations, the 
Colony of Natal, South Africa, has sunk 46 
diamond drill holes, or a title of 8,423 ft. of holes, 
in the last three years. 

Mr. C. T. Gray, Inspector of Mines of the Col- 
ony, has recently made a report, an abstract of 
which appears in the Gct. 24 issue of the “Iron 
and Coal Trades Review” (London), which we 
give in part as follows: 


Steam diamond @rills: 1899 
Average depth of hole in ft....... 32 3 
NUMDOF OF 8 4 11 
Hand chise! dri'ls: 


In 1901 coal was discovered in veins 2 ft. or 
more thick by 14 of the 88 holes sunk. Including 
first cost of plant and all other expenditures the 
Government has expended about $29,460 in the 
three years; the war having considerably reduced 
the intended expenditures. Unfortunately the 
rate of wages paid is not given, but the other 
items of cost may be of more value and follow: 


Wages, 1899. 1900. 1901 
More’; rations, ete. $3,367 $896 $7,444 
per $1.74 $1.81 $2.10 


Since the expenditures for these three years as 


tabulated total $27,519, it appears that about 
$2,000 must have been spent for plant and gen- 
eral expenses. 
THE NEW YORK WATER STORAGE COMMISSION 
whose report was abstracted in our issue of Jan. 29 
continued by a bill now before the state legislature. Th 
bill provides for river and stream regulation under the 
direction of the commission, and at the expense of the 
beneficiaries. Individuals o1 corporations possessing r 
rian rights on any water course, and desirous of regi 
ing the flow therein, or municipal officials who deem reg- 


ulation essential to the public health or safety, 

tition the commission for regulation works In ¢a 
commission decides that the water course in question is 
of sufficientimportance to come within the scope of the act, 


and that the proposed regulation is essential to the public 
health and safety, it must next determine by investigation 
what regulation works are necessary, estimate their cost, 
and set forth the proportion of the cost which should be 
borne by the several municipalities to be benefited. Hear- 
ings must then be held, and if the commission thereafter 
decides in favor of the improvement it will proceed to let 
contracts for the same. After all the costs, including land 
damages as well as construction, have been determined the 
commission must decide what proportion, if any, shall be 
borne by the state of New York, which determination will 
be subject to approval by the governor. The balance is 
to be apportioned among the several municipalities bene- 
fited, subject to alteration after a public hearing. The 
assessors of the several municipalities, in turn, are to ap- 
portion the respective amounts among the various parcels 
of land benefited, whereupon, after formal hearings and 
final approval, they become a lien second only to the gen- 
eral taxes on real estate. The maintenance of river im- 
provements made under the act is to devolve upon the 
commission, and the cost of the same is to be assessed 
upon the several beneficiaries. The citizen members of 
the commission are to be paid their expenses and a per 
diem allowance, to be fixed by the ex-officio members of 
the commission. The citizen members of the original com- 
mission, perpetuated by the act, were: Prof. Olin H. 
Landreth, M. Am. Soc. C. E., Schenectady; Elnathan 
Sweet (deceased); Geo. W. Rafter, M. Am. Soc. C. E., 
Rochester; John L. King, Syracuse; Geo, R. Finch, Glens 
Falls. The ex-officio members include, among others, Mr 
E. A. Bond, M. Am. Soc. C. E., State Engineer of New 
York. The cost of the improvements would be met by 4°. 
state bonds, payable in not more than 50 annual in- 
stallments. 
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THE NUMERICAL CLASSIFICATION for locomotives 
devised by Mr. F. M. Whyte, Mechanical Engineer, New 
York Central & Hudson River R. R., as a substitute for 
the present classification by special names, such as ‘‘Mo- 
gul,”’ ‘“‘Consolidation,’’ and ‘‘Decapod,’’ has been officially 
adopted by the American Locomotive Co. In this new 
classification a ‘‘consolidation’’ engine having a pair of 
leading wheels, eight drivers and no trailing wheels, 
will be known as a ‘280 engine’’—the first nu- 
meral giving the number of leading wheels; the second 
giving the number of driving wheels, and the third giv- 
ing the number of trailing wheels. The system is uni- 
versally applicable and only three numerals are required 
for any type of engine. 


THE LONGEST RAILROAD TANGENT in the world 
is said by Mr. E. L. Corthell, in a lecture upon Argen- 
tine, to be located on the Pacific Railroad of Argentine 
between Junin and La Cautiva. Its length is 186 miles. 


THE AMERICAN WAVE MOTOR COMPANY has been 
incorporated in Delaware, and its first plant is to be 
located at Atlantic City. According to the daily papers, 
the inventor, Dr. D. K. Bryson, of Pittsburg, plans to 
furnish power to operate trolley lines, lights, etc. 


The first demonstration plant will be installed to light 
one of the piers. The invention consists of long buoys 
placed out from shore, the first to be anchored in a depth 
not exceeding 8 ft. of water The other buoys will be 
situated at rectangular intervals. These buoys by being 
thrown about by the waves in ordinary weather are said 
to develop 150 HP., and when a good sea is on their 
power of generating will be doubled. 

Query: What is to be the horse-power when the waves 
are conspicuous by their absence? 


THE FLECTRIC TRANSMISSION LINE from Sha- 
winigan Falls to Montreal, Can., crosses the Ottawa River 
by two spans of aerial cable The spans are 1,2) and 
1,850 ft., respectively, the central support being a tower 
on an island in the river. The cables are of steel. three 
in number, each about 1 in, in diameter. The transmis- 
sion line itself consists of three aluminum cables, each 
composed of seven No. 6 B. & S. gage wires. The three 
cables are strung on a single line of poles, one at the tip 
of the pole, and the others at the ends of a crossarm, so 
that they occupy the corners of an equilateral triangle 
about 5 ft. on a side. The lowest point of the cables is 
about 25 ft. above the ground. Poles 35 ft. long are used 
spaced 100 ft. apart. The line is about 84 miles long, and 
earries current at 50,000 volts. 


THE NEW PLANS FOR THE MANHATTAN BRIDGE 
ACROSS THE EAST RIVER AT NEW YORK CITY. 


An ordinance authorizing the construction of a 
third bridge across the Ez 


River, between Man- 
hattan and Brooklyn, New York city, was passed 
by the Municipal Assembly on Dec. 30, 1899, and 
was signed by the Mayor on Jan. 8, 1900. This 


bridge, according to a resolution adopted by the 


Board of Public Improvements on Dec. 6, 1IS09, 
was to run from a point on Canal St, in Manhat- 
tan, between Forsyth and Chrystie Sts., to a point 
in Brooklyn between the foot of Adams and the 
foot ef Washington Sts. Shortly after the work 


was decided upon by the Municipal Assembly, the 


Bureau of Estimate and Apportionment author- 
ized an issue of bonds, amounting to 31,000,000), 
with which to begin work. The necessary engi- 


neering studies were began at once and reached a 
point where on March 11, 1900, bids were asked 
for constructing the Brooklyn tower foundations. 
The bridge which was planned was a suspension 
bridge with four wire cables carried over steel 
framework towers resting on masonry pedestals. 
The principal dimensions of the structure were as 
follows: 


Total length between terminals 9,335 ft 
Length of center span........ 1,465 

Length of shore spans, each.. amo 
Height of towers to cable center.... $25 


Clear height above water at center............. 135 ** 

Diameter of cables (approximate) .......... 

Capacity: 4 trolley tracks; 2 elevated railway 
tracks; one 36-ft. roadway; 2 sidewalks. 


Mr. R. S. Buck, M. Am. Soc. C. E., was Chief 
Engineer of the bridge and under him, subject to 
the direction of Mr. John F. Shea, Commissioner 
of Bridges, all plans and designs were prepared. 
On Jan. 1, 1902, Mr, Gustav Lindenthal, M. Am. 
Soc. C. E., became Commissioner of Bridges and 
shortly afterward Mr. Buck resigned from his 
position, and the engineering work on the bridge 
was assumed by the new Commissioner. In his 
semi-annual report (Eng. News, Aug. 21, 1902), 
dated June 30, 1902, Mr. Lindenthal announced 
that important changes had been made in the 
original plans. These changes involved no ma- 
terial alteration in the tower foundations, but they 
modified the design materially in other respects. 

The characteristic features of the new designs 
for the Manhattan Bridge are shown by Figs. l, 
2 and 3. This bridge now under construction is 
located on a line beginning near the intersection 
of the Bowery and Canal St., crossing the East 
River at Pike Slip in the Borough of Manhattan, 
and reaching the Borough of Brooklyn at the foot 
of Washington St., and ending at Fulton St. of the 
same borough. It is located between the present 
Brooklyn Bridge and the Williamsburg Bridge, 
now nearing completion, and will connect the 
Borough of Manhattan with the Borough of 
Brooklyn, The bridge crosses the East River in 
one span and its height above high water over the 
navigable channels is fixed by the United States 
Government at 135 ft. The main structure con- 
sists of one main or river span and two side or 
land spans of equal length, the whole structure 
being symmetrical to the middle of the main span. 
The length of the main structure is as follows: 


Total length of main structure................. 2,920 ** 
Total length of the bridge structure, including 


The bridge and approaches will be the longest 
city bridge in the world. The grade of the bridge 
structure is 3 1-10% rising from each end. The 
superstructure of the bridge is made up of four 
chains of eye-bars properly stiffened and braced 
from which the floor system is suspended. These 
chains have their ends anchored in masonry an- 
chorages and are supported by two steel towers 
1,470 ft. apart and rising to a height of 400 ft. 
above high water. The chains are spaced 27 ft.,: 
40 ft. and 27 ft. apart, and brackets projecting out 
on both sides of the bridge carry the promenade 
and make the total width of the bridge 122 ft. 

The capacity of the bridge is as follows: On the 
lower deck: (1) One roadway 35 ft. 6 ins. between 
guard rails. The roadway will be wide enough to 
permit four three-horse teams to pass abreast, 
There are no braces or girders of any kind above 
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the roadway, making it free from occasional drip- 
pings or icicles. (2) Four trolley tracks, two on 
each side of the roadway, and completely separ- 


as the promenades, will be likewise of non-com- 
bustible material. 
The type of structure used for the main span, it 


being completed. It has a main span of about 
1,050 ft. He also thinks that the genera! a 


is such as to secure architectural beauty of pn 


ute 
ated from it. (3) Two promenades, 11 ft. 9 ins. is considered, has many advantages: The chains line, as well as engineering merit, and exo} a 
each carried by brackets on each side of the and the stiffening trusses form one framework the desirable elements of utility, beauty ang “aa 
bridge and affording a clear view of the river. On with positive and definite attachments. The form omy with great rigidity, strength and perm 3 
the upper deck: (4) Four elevated railway tracks of truss is such that the greatest resistance is of- The plans for the new Manhattan Bridg: de. 
located in pairs between the outside chains. fered where it is most needed, the truss being scribed, have been ordered submitted to a } ra 
BRS 
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FIG. 1, DIAGRAM ELEVATION OF MANHATTAN BRIDGE, NEW YORK CITY. 


Stairways are provided at several points of the 


bridge to take the passengers to the promenade 
in case of accidents to the elevated railway cars 
on the upper deck. The eight tracks across the 
bridge are estimated to have a capacity of 200,- 


(00,000 passengers per year under ordinary con- 
ditions of traffic. At each of the two anchorages 
stairways for foot passengers and four passenger 
elevators are provided for. So are also public 
comfort stations and a large hall available for 


shallow enough at the center to cause small tem- 
perature and deflection stresses, and deep enough 
at the quarter points to resist well the load 
stresses. The form of trusses used will result in a 
considerable economy in metal. Owing to the great 
weight of the structure, this bridge will be one 
of the stiffest suspension bridges built. By the 
rigid attachment of the chains to the towers, the 
behavior of the bridge is made independent of any 
reliance on friction devices, and the action of the 


Eno. News. 


Prost ELEVATION 


of five engineers by Mayor Low. The mem ers 
of this Board, as selected by the May. 
Lieut.-Col. Charles W. Raymond, U. S. Engineer 
Corps, Mr. Geo. S. Morison, Mr. C. C. Schneider, 
Mr. Henry W. Hodge, and Prof. Mansfield Merri- 
man, all Members Am. Soc. C.. E. The gques- 
tions upon which the Board is desired to pass are: 


(1) Are the plans in accordance with advanced know- 
ledge of suspension bridge designing, with a 
economy of construction, provision for temperature 
stresses, rigidity under concentrated loads, and resistance 


ire: 


_ 


FIG. 2. FRONT AND SIDE ELEVATIONS OF HINGED TOWER 


FOR MANHATTAN BRIDG 


public meetings and the like. The bridge will, 
therefore, be accessible to passengers also at 
Cherry and Pike Sts., in Manhattan, and Water 
and Adams Sts. in Brooklyn. The structure will 
be fireproof throughout. The roadway will have a 
foundation of steel buckle plates; and the track 
foundations for the eight lines of railway, as well 


bridge under load will be like that of an elastic 
body. Finally, the eye-bar links used for the 
chain make this type especially well suited for 
speedy erection. It is also pointed out by Mr. 
Lindenthal that a recent instance of a long-span 
suspension bridge built of eye-bar links is the 
Buda-Pesth Suspension Bridge, in Austria, now 


FIG. 3. VIEW OF TOWER AND SHORE SPAN OF MANHATTAN BRIDGE, 
E. SHOWING ARCHITECTURAL FEATURES. 


to wind pressure; also as regards quality of steel and its 
protection against corrosion? 

(2) Will the strength, stability and carrying capacity 
of the bridge be adequate for any congestion of traffic that 
may occur on the railroad tracks, roadways and prom- 
enades? 

(3) Will the structure, as designed, be fireproof? 

(4) Do the plans permit of speedy erection of the super- 
structure, after the completion of the anchorages 
tower foundations? 
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